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1 ❶  ࢖ࣥࢺࣟࢲࢡࢩࣙࣥ  
 ࡣࡌࡵ࡟ࠊᮏ◊✲ࡣࢫ࣓ࢡࢱ࢖ࢺ໬ྜ≀ࢆ໬⢝ရ࡬ᛂ⏝ࡍࡿࡇ࡜࡟╔┠ࡋ࡚㐍
ࡵࡓ◊✲࡛࠶ࡿࡇ࡜ࢆ㏙࡭࡚࠾ࡃࠋ  

















ᙳ㡪ࢆཬࡰࡍ⏺㠃άᛶ๣ࡢ㑅ᢥࡣࠊឤゐࢆ⪃࠼ࡿୖ࡛㔜せ࡛࠶ࡿ 1 ࠋ   
 


































࡜࠸࠺ᛶ㉁ࢆࡶࡘᅵࢆ♧ࡍࠋ୍᪉ࠊࠕ⢓ᅵ㖔≀㸦 clay mineral㸧ࠖ ࡣ⢓ᅵࡢ୺࡞ᵓᡂ
≀㉁࡜࡞ࡿࢣ࢖㓟ሷࢆ♧ࡍࠋ⢓ᅵ㖔≀࡟ࡣኳ↛ရࡶྜᡂရࡶᏑᅾࡋࠊ኱ࡁࡃ⤖ᬗ
ᛶ㖔≀࡜㠀⤖ᬗᛶ㖔≀࡜࡟኱ࡁࡃศࡅࡽࢀࡿࠋ⤖ᬗᛶ㖔≀ࡣࡍ࡭࡚ࣇ࢕ࣟࢩࣜࢣ
࣮ࢺ㸦ᒙ≧ࢩࣜࢣ࣮ࢺ㸧࡛࠶ࡿࠋ⢓ᅵ㖔≀ࡢ⤖ᬗᵓ㐀࡜ศ㢮ࢆ Table 1 ࠾ࡼࡧ  Fig 
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2 ࡟♧ࡍ 2-4ࠋ  
⢓ᅵ㖔≀ࢆᵓᡂࡍࡿඖ⣲ࡣࠊᆅẆࡢ୺せᵓᡂඖ⣲࡜ྠࡌ࡛࠶ࡾࠊO, Si, Al, Fe, 
Mg, Ca, Na, K, H, ࡢ 9 ࡘࡀࡑࡢ࡯࡜ࢇ࡝࡛࠶ࡿࡀࠊྜᡂ࣐࢖࢝ࡢ୰࡟ࡣ F ࢆྵ
ࡴࡶࡢࡶ࠶ࡿࠋࣇ࢕ࣟࢩࣜࢣ࣮ࢺࡣ 2 ḟඖⓗ࡟㐃࡞ࡗࡓᅄ㠃యࢩ࣮ࢺ࡜ඵ㠃యࢩ
࣮ࢺࢆྵࢇ࡛࠸ࡿࠋᅄ㠃యࡣࠊ  4 ࡘࡢ O ࡜㓄఩ࡋࡓ Si4+, Al3+, Fe3+࠿ࡽ࡞ࡾࠊ3
ࡘࡢ㡬Ⅼࢆ㞄ࡢᅄ㠃య࡜ඹ᭷ࡍࡿࡇ࡜࡛ࠊ2 ḟඖⓗ࡟↓㝈࡟ࡘ࡞ࡀࡗࡓභ᪉⥙┠
ᵓ㐀ࢆ࿊ࡋ࡚࠸ࡿ (Fig.3, a-b)ࠋඵ㠃యࡣࠊ6 ࡘࡢ O ࡜㓄఩ࡋࡓ Al3+, Fe3+, Mg2+, 
Fe2+࠿ࡽ࡞ࡾࠊඵ㠃యࡢ㎶ࢆ࿘ᅖ࡜ඹ᭷ࡋ࡚࠸࡚  (Fig.3, c-d)ࠊභ᪉ᑐ㇟ࢩ࣮ࢺࢆ
ᙧᡂࡍࡿࠋ ඵ㠃యࡢ୰ᚰ㔠ᒓࡀ Mg2+࡞࡝ࡢ 2 ౯࢖࡛࢜ࣥ࠶ࡿሙྜ࡟ࡣࠊࡍ࡭࡚
ࡢ㝧࢖࢜ࣥᖍ࡟㝧࢖࢜ࣥࡀධࡿࡀࠊAl3+࡞࡝ࡢ 3 ౯ࡢ㝧࢖࢜ࣥࡢሙྜ࡟ࡣࠊ㝧࢖
࢜ࣥᖍࡢ 1/3 ࡣ✵ᖍ࡟࡞ࡿ (Fig. 4)ࠋ๓⪅ࢆ 2 ඵ㠃యᆺࠊᚋ⪅ࢆ 3 ඵ㠃యᆺ࡜ࡼ





యࢩ࣮ࢺࡢ Si4+ࢆ  Al3+ࡸ Fe3+ࡀ⨨᥮ࡍࡿ࡜ࠊṇ㟁Ⲵࡀ୙㊊ࡋᒙ඲యࡢ㟁Ⲵࡣ㈇
࡜࡞ࡿࠋࡓࡲࡓඵ㠃యࢩ࣮ࢺࡢ Al3+ࡸ Fe3+ࢆ Mg2+ࡸ  Fe2+࡟⨨᥮ࡋ࡚ࡶྠᵝ࡟ᒙ
඲యࡢ㟁Ⲵࡣ㈇࡜࡞ࡿࠋࡇࡢࡼ࠺࡟ࠊᒙ඲యࡀᖏࡧࡓ㟁Ⲵࢆᒙ㟁Ⲵ㸦Layer Charge㸧
࡜ࡼࡪࠋᅄ㠃యࡢ 4 ࡘࡢ Si4+ࡢ࠺ࡕࡢ 1 ࡘࡀ Al3+࡟⨨᥮ࡉࢀࡿ࡜ࠊᒙ㟁Ⲵࡣ 1 ࡜
࡞ࡿࠋᒙ㟁Ⲵࡣ⢓ᅵ㖔≀ࡢᵓ㐀࡜ᛶ㉁ࢆỴࡵࡿᇶᮏⓗ࡞ᅉᏊ࡛࠶ࡿࡓࡵࠊᒙ㟁Ⲵ
࡟ࡼࡗ࡚ࡶ⢓ᅵ㖔≀ࡣศ㢮ࡉࢀࡿࠋ    
 






















ࡉࢀࡿ࡜ࡉࢀࡿㄝ 7 ࡛࠶ࡿ  ࠋࡇࢀ࡟㛵ࡍࡿ㏆ᖺࡢሗ࿌ࡣࠊ୺࡟ྜᡂ࣊ࢡࢺࣛ࢖
ࢺ࡛࠶ࡿ࣏ࣛࢼ࢖ࢺ 8㸦BYK Additives & Instruments ♫〇ࠊ⢏ᗘศᕸࡣẚ㍑ⓗ


















1-5 ࡛ヲࡋࡃ㏙࡭ࡿࠋ  
 
1-5. ᭷ᶵኚᛶ⢓ᅵ㖔≀  






ࡍࡿࡇ࡜࡛ᵝࠊ ࠎ࡞ᶵ⬟ࢆⓎ᥹ࡍࡿᮦᩱ࡜ࡋ࡚ࡶὀ┠ࢆᾎࡧ࡚࠸ࡿ 18,19ࠋ20 ୡ⣖
ࡢ⤊ࢃࡾࡈࢁ࠿ࡽࡣࠊ࣏࣐࣮ࣜࢆᒙ㛫࡟ྲྀࡾ㎸ࡳ」ྜ໬ࡉࡏ࡚ࠊࣉࣛࢫࢳࢵࢡࡢ
ᶵᲔⓗᙉᗘࢆྛẁ࡟ྥୖࡉࡏࡓࢼࣀࢥ࣏ࣥࢪࢵࢺ࡜ࡼࡤࢀࡿᮦᩱࡀࡉ࠿ࢇ࡟◊




ࢫ࣓ࢡࢱ࢖ࢺࡢ᭷ᶵኚᛶ࡟⏝࠸ࡽࢀࡿ AAC ࢆ Fig.5 ࡟♧ࡍࠋ୍ᐃࡢ⢓ᅵ㖔≀㔞
࡟ᑐࡋ࡚஺᥮ࡉࢀࡿ㝧࢖࢜ࣥࡢ㔞ࢆࠊ㝧࢖࢜ࣥ஺᥮ᐜ㔞㸦 Cation Exchange 
Capacity; CEC㸧࡜࠸࠺ࡀ㸦⢓ᅵ㖔≀ 100g ࠶ࡓࡾࡢ࣑ࣜ➼㔞㸹meq/100g ࡛♧ࡉࢀ
















ࢱ࣮࣮࢝ࣞࢺࡋࡓ AAC ࡣࠊ㓟 36,37ࡸ୰㙐࢔ࣝࢥ࣮ࣝࡢῧຍ 38࡟ࡼࡾࠊᒙ㛫࠿ࡽ
⬺㞳ࡍࡿ࡜࠸࠺ሗ࿌ࡶ࠶ࡿࠋ   












ሗ࿌ࡋ࡚࠸ࡿ 39ࠋࡇࡢሗ࿌ࡣࠊ๓㏙ࡢ Cody ࡽ࡟ࡼࡿᴟᛶ≀㉁ࡢῧຍ࡟ࡼࡿ๤㞳




࠺ࡕࠊࡶࡗ࡜ࡶ㧗࠸ቑ⢓ᶵ⬟ࢆ♧ࡋࡓࡢࡣ᭷ᶵኚᛶ 1 ࠾ࡼࡧ 1.25 ಸࡢ⢓ᅵ㖔≀





ࡢ┦஫స⏝ࡀᙉࡃࠊ⁐፹࿴ࡋ࡞࠸ࡓࡵ࡜ࡋ࡚࠸ࡿ 40ࠋ  
 
1-6.  ங໬๣࡜ࡋ࡚ࡢ⢓ᅵ㖔≀  



















⏺㠃࠿ࡽࡦࡁࡣࡀࡍࡓࡵࡢ࢚ࢿࣝࢠ࣮㸧E ࡣ௨ୗࡢᘧ࡟ࡼࡾ⟬ฟࡉࢀࡿ 48ࠋ  
 











࣮ࡣ㧗࠸ࡇ࡜ࡀࢃ࠿ࡿࠋᘧ 1 ࡟ࡋࡓࡀࡗ࡚ࠊ༙ᚄ R=1x10-8m ࡢ⢏Ꮚࡀ⏺㠃ᙇຊ
Țow  =3610-3Nm-1 ࡢἜỈ⏺㠃࡟ࠊ᥋ゐゅȟ࡛྾╔ࡋࡓ㝿ࡢ྾╔࢚ࢿࣝࢠ࣮






























㸦LDH, layered double hydroxides㸧  57࡜ే⏝ࡍࡿࡇ࡜࡛Ᏻᐃ࡞ங໬≀ࢆㄪ〇ࡋ࡚
࠾ࡾࠊ⢓ᅵ㖔≀༢⊂࡛ࡣங໬⢏Ꮚࡢྜ୍ࢆ᏶඲࡟ᢚไࡍࡿࡇ࡜ࡣᅔ㞴࡛࠶ࡿࠋࡇ
ࢀࡣࠊ⢓ᅵ㖔≀ࡢぶỈᛶࡀ㠀ᖖ࡟㧗ࡃࠊỈ࡟ศᩓࡋࡸࡍ࠸ࡓࡵ࡛࠶ࡿࠋ     
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Tri Mesite, lizardite, cronsyedite

















Tri Biotite, phlogopite, lepidolite







Tri Clinochhlore, chamosite, 
Tri-Di Sudoite
Di
Table 1 Classification of Hydrous phyllosilicates
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Fig.3 Structure of (a) SiO4 tetrahedron;  (b) tetrahedral sheet;
(d) Al(OH)6 octahedron and (e) octahedral sheet 












Ⴠ Si or Al
Ⴜ OH
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Table 2  Classification of smectites (after Uehara, 2000)














a) Cetyl Pyridinia (CP+)   b) Cetyl trimethylammonia(CTA)








Fig.7 Gelling mechanism of organoclay in oil (afer Kieke, 1988)
Fig.6 Conformations of interlayer cations (after Lagaly, 1982): (a) monolayer 
(1.37nm), (b) bilayer (1.77nm), (c) pseudotrimolecular layer (2.17nm),






Fig.8 Position of a small spherical particle at a planar fluid-water 
interface for a contact angle (measured though the aqueous phase) 
and the corresponding probable positioning of particles at a curved 
fluid-water interface. For θ<90㼻, solid stabilized aqueous foams or 
O/W emulsions may form (left),  for θ>90㼻, solid stabilized earosols 







Fig.9 Position of a small spherical particle at planar oil-water interface; 




0       30      60       90      60       30       0
Fig.10 Variation of the energy of attachment, E( relative to kT), of a spherical 
particle of radius R=1x10-8m at a planar oil-water interface of interfacial tension 
γow  =36x10-3Nm-1 with the contact angle θ the particle makes with the interface 
at 298K, calculated using eq.1 (after Binks, 2000). 
23
Fig.11 Stabilization of emulsions by (a) surfactants; (b) solid particles 
(Pickering emulsions); an envelopoe around the droplets and a three-
dimensional network of particles spanning the coherent phase between the 
























ᗈࡃ▱ࡽࢀ࡚࠸ࡿࡀࠊᕼⷧศᩓᾮ࡛ࡣ㟁Ⲵ཯Ⓨ࡟㉳ᅉࡍࡿ Wigner Glass ᵓ㐀 3ࠊ
ࢿ࣐ࢳࢵࢡ┦ᵓ㐀ࢆ࡜ࡿ࡜ࡍࡿㄝ࡞࡝ࠊ࠸ࡲࡔ࡟ㄽ㆟ࡀ⥆࠸࡚࠸ࡿ 4 ࠋࢫ࣓ࢡࢱ












































ᕤᴗࠊ௨ୗ KU ࡜グ㍕㸧ࠊྜᡂࢧ࣏ࢼ࢖ࢺ࡛࠶ࡿࢫ࣓ࢡࢺࣥ SA㸦ࢡࢽ࣑ࢿᕤᴗࠊ
௨ୗ SA ࡜グ㍕㸧ࠊྜᡂ࣊ࢡࢺࣛ࢖ࢺ࡛࠶ࡿ࣏ࣛࢼ࢖ࢺ XLG㸦BYK Additives & 
Instrumentsࠊ௨ୗ LA ࡜グ㍕㸧࠾ࡼࡧࠊ࣏ࣛࢼ࢖ࢺ XLG ➃㠃ࡢ OH ࡢ୍㒊ࡀࣇࢵ
⣲࡟⨨ࡁ᥮ࢃࡗࡓᵓ㐀ࢆࡶࡘ࣏ࣛࢼ࢖ࢺ XL21㸦BYK Additives & Instrumentsࠊ௨
ୗ LAX ࡜グ㍕㸧ࢆ⏝࠸ࡓࠋ⏝࠸ࡓࢫ࣓ࢡࢱ࢖ࢺࡢ≉ᛶ್ࢆ Table 1 ࡟♧ࡍࠋࡇࢀ
ࡽࡢࢫ࣓ࢡࢱ࢖ࢺࡢ୰࡛ࠊSA ࡣᅄ㠃యࢩ࣮ࢺ࡟㈇㟁Ⲵࢆ᭷ࡋࠊࡑࢀ௨እࡢ KUࠊ
LAࠊLAX ࡣඵ㠃యࢩ࣮ࢺ࡟㈇㟁Ⲵࢆ᭷ࡋ࡚࠸ࡿࡀࠊᮏ◊✲࡛ࡣࡑࡢ㐪࠸࡟ࡘ࠸
࡚ࡣ⪃ᐹࡋ࡚࠸࡞࠸ࠋ⏝࠸ࡓ PEG ࡢศᏊ㔞ࢆ Table2 ࡟♧ࡋࡓࠋPEG23 ௨እࡢཎ
ᩱࡣ໬⢝ရཎᩱ࡜ࡋ࡚ࡢᕷ㈍ရ࡛࠶ࡾࠊ඲࡚ࡢཎᩱࡣὙίࠊ⢭〇࡞࡝ࡢᕤ⛬ࢆ⤒
ࡎࠊࡑࡢࡲࡲ⏝࠸ࡓࠋ  
2-2-2 ࢧࣥࣉࣝࡢㄪ〇᪉ἲ  
ࢫ࣓ࢡࢱ࢖ࢺศᩓᾮࡣࠊ680g ࡢ࢖࢜ࣥ஺᥮Ỉࢆ࣑࣍ࣔ࢟ࢧ࣮㸦TK ࣑࣍ࣔ࢟ࢧ
࣮ࠊ≉Ṧᶵ໬㸧࡛ప㏿᧠ᢾࡋ࡞ࡀࡽ 20㹥ࡢࢫ࣓ࢡࢱ࢖ࢺࢆᚎࠎ࡟ῧຍࡋࠊ඲㔞ࢆ












ࡾࠊ┤ᚄ 5 ੉ࡢࣃࣛࣞࣝࣉ࣮ࣞࢺࢆ⏝࠸ࠊgap1 ੈ࡛ᐇ᪋ࡋࡓࠋAmplitude Sweep
 ᐃࡣࠊ10rad/s ࡟࡚⾜ࡗࡓࠋ ᐃࡣ඲࡚ 25Υ࡟࡚⾜ࡗࡓࠋ  
2-2-4 ࢫ࣓ࢡࢱ࢖ࢺศᩓᾮ࠿ࡽࡢ࢖࢜ࣥ⁐ฟ㔞 ᐃ᪉ἲ  
28 
 
pH ⣙ 3ࠊ4ࠊ6ࠊ7ࠊ8ࠊ9 ࡞ࡿࡼ࠺࡟ total0.1 ࡲࡓࡣ 0.2mol/L ࡛ㄪᩚࡋࡓࢡ࢚ࣥ
㓟ࠊࢡ࢚ࣥ㓟ࢼࢺ࣒ࣜ࢘⦆⾪ᾮࢆ࢞ࣛࢫᐜჾ࡟ㄪ〇ࡋࠊࡇࢀ࡟ 1 ࡲࡓࡣ 2wt%࡜
࡞ࡿࡼ࠺ࢫ࣓ࢡࢱ࢖ࢺࢆຍ࠼ࡓࠋࡇࢀࢆ 1 ᫬㛫㉸㡢Ἴฎ⌮ࡋࡓᚋ࡟࣏ࣜࢺ࡛ࣟࣥ
10000rpm ࡛ 1 ศ㛫᧠ᢾࡋࠊpH ࢆ ᐃࡋࡓᚋ࡟ 0Υࠊ25Υࠊ37Υࠊ50Υࡢྛ ᗘ




30g ࢆ㐲ᚰ⟶࡟࡜ࡾࠊࡇࡇ࡟ 7.5g ࡢ㣗ሷࢆຍ࠼࡚⁐ゎࡉࡏࡓࠋࡑࡢᚋ 10000rpm




⨨࡟㈇ᢸࢆ࠿ࡅࡿࡓࡵࠊPEG ࡜ࢫ࣓ࢡࢱ࢖ࢺ࡜ࡢΰྜศᩓᾮ࠿ࡽࡢ Mg ⁐ฟ㔞
ࡣࠊ࢚ࣜ࢜ࢡ࣒ࣟࣈࣛࢵࢡ T ࢆ⏝࠸ࡓ⁲ᐃἲ 19 ࡟ࡼࡾ⁲ᐃ ᐃࡋࡓࠋ  
2-2-5 ࢫ࣓ࢡࢱ࢖ࢺศᩓᾮࡢࣞ࢜࢜ࣉࢸ࢕ࢵࢡ ᐃ  
ࢧࣥࣉࣝࡢࣞ࢜ࣟࢪ࣮≉ᛶ࡜ྠ᫬࡟」ᒅᢡᛶࢆ᳨ฟࡍࡿࡓࡵࡢ⿦⨨ࡢᴫせࢆ





ཧ↷ࡉࢀࡓ࠸ 20,21ࠋ  
 
2-3㸬⤖ᯝ࠾ࡼࡧ⪃ᐹ  







ࡓࢧࣥࣉࣝࡢ⢓ᗘࢆ B ᆺ⢓ᗘィ࡛⤒᫬ ᐃࡋࡓ⤖ᯝࢆ Fig.2 ࡟♧ࡍࠋㄪ〇᪉ἲࡣ
Scheme 1 ࡟♧ࡋࡓࠋ᧠ᢾ᫬㛫ࡀ㛗࠸᪉ࡀࠊࡲࡓಖᏑ ᗘࡀ㧗࠸᪉ࡀศᩓᾮࡢ⢓
ᗘୖ᪼ࡀ㏿࠸ࡇ࡜ࡀ♧ࡉࢀࡓࠋࢫ࣓ࢡࢱ࢖ࢺࡢ㧗 ࡛ࡢศᩓᏳᐃᛶࡀ㧗ࡲࡿࡇ࡜
ࡣ DLVO ⌮ㄽ࡟ࡶ▩┪ࡋ࡞࠸⌧㇟࡛࠶ࡾ 8ࠊࢫ࣓ࢡࢱ࢖ࢺࡢ⢏Ꮚࡀࡼࡃศᩓࡉࢀ
࡚࠸ࡿ᪉ࡀ࢚࣮ࢪࣥࢢ⌧㇟ࡀ㏿ࡃ㐍⾜ࡍࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋ⢓ᅵ㖔≀ศᩓᾮࡢ」
ᒅᢡᛶ࡟ࡘ࠸࡚ࡣࠊሷ⃰ᗘ࠾ࡼࡧ⢓ᅵ㖔≀⢏Ꮚࡢ⢏ᚄࢆኚ࠼ࡓ㝿ࡢࢰࣝ -ࢤࣝ㌿
⛣ࢆ೫ගᯈࢆ⏝࠸࡚ほᐹࡋࡓሗ࿌ࡀ࠶ࡿࡀ 22ࠊࡇࡢሗ࿌࡜ྠᵝ࡟ LA ࠾ࡼࡧ SA




ࡼࡿ㞳ỈࡀぢࡽࢀࠊB ᆺ⢓ᗘィ࡟ࡼࡾ⢓ᗘࢆ ᐃࡍࡿࡇ࡜ࡣ࡛ࡁ࡞࠿ࡗࡓࠋ  
2-3-2 PEG ࡢῧຍࡀ࢚࣮ࢪࣥࢢ࡟ཬࡰࡍᙳ㡪  
Scheme 1 ࡟♧ࡍ᪉ἲ࡟࡚ㄪ〇ࡋࡓ LA ࡜ PEG9 ࠾ࡼࡧ PEG90 ࡜ࡢΰྜศᩓᾮ








Fig.6 ࡟ࠊᕤ⛬ A ࡛ㄪ〇ࡋࡓ LA ༢⊂ศᩓᾮ࠾ࡼࡧ PEG9ࠊPEG90 ΰྜศᩓᾮ
ࢆࠊㄪ〇ᚋ 25Υ࡟࡚ 40 ᪥ಖ⟶ࡋࡓᚋ࡟ ᐃࡋࡓ Amplitude Sweep ᭤⥺ࢆ♧ࡍࠋ
LA ༢⊂ศᩓᾮ࡜ PEG㸷ΰྜᾮࡢᣲືࡣ࡯ࡰྠࡌ࡛࠶ࡿࡀࠊPEG90 ΰྜศᩓᾮ࡛





࡚࠸ࡿࠋFig.7 ࡟ SA ༢⊂ศᩓᾮ࡜ PEG90 ΰྜศᩓᾮࡢ Amplitude Sweep ᭤⥺ࢆ




2-3-3  pH ㄪᩚࡋࡓࢫ࣓ࢡࢱ࢖ࢺศᩓᾮࡢ࢚࣮ࢪࣥࢢᣲື࡟ཬࡰࡍ PEG ῧຍࡢ
ᙳ㡪 ձ⢓ᗘኚ໬  
ḟ࡟ࠊࢡ࢚ࣥ㓟ࠊࢡ࢚ࣥ㓟ࢼࢺ࣒ࣜ࢘ Buffer ࢆ⏝࠸࡚ྛ pH ࡟ㄪᩚࡋࡓ
PEG4wt%㸩LA 1wt%࠾ࡼࡧ PEG 5wt%㸩SA 2wt%ΰྜศᩓᾮࡢࠊB ᆺ⢓ᗘィ࡛ 
ᐃࡋࡓ⢓ᗘࡢ⤒᫬ኚ໬ࢆ Fig.8ࠊ9 ࡟ࠊㄪ〇┤ᚋ࡜ 1 ࠿᭶ᚋࡢ pH ࢆ Table3 ࡟♧
ࡍࠋࢧࣥࣉࣝࡣࠊࢡ࢚ࣥ㓟 0.3wt%ࠊࢡ࢚ࣥ㓟ࢼࢺ࣒ࣜ࢘ 0.7wt%ࡢΰྜỈ⁐ᾮࢆࠊ
ᡤᐃࡢ⃰ᗘ࡜࡞ࡿࡼ࠺࡟ㄪ〇ᚋ 1 㐌㛫௨ୖ⤒㐣ࡋࡓࢫ࣓ࢡࢱࢺศᩓᾮ࡟ຍ࠼ࠊ
50ml ࢫࢡ࣮ࣜࣗ⟶୰࡛࣏ࣜࢺ࡛ࣟࣥ 1000rpm1 ศ㛫᧠ᢾࡋ࡚ㄪ〇ࡋࡓྛࠋ ࢧࣥࣉ
ࣝࡣ 2 ಶࡎࡘㄪ〇ࡋࠊpH ࢆ ᐃࡋࡓᚋ࡟ 0Υࠊ37Υࠊ50Υࡢྛᜏ ᵴ࡟ಖᏑࡋ
ࡓࠋpH ࡢ್ࡣ 2 ࢧࣥࣉࣝࡢᖹᆒ್ࢆ♧ࡋࡓࠋ  
PEG ࠾ࡼࡧࢡ࢚ࣥ㓟⦆⾪ᾮ࡜ΰྜ᫬ࠊࢫ࣓ࢡࢱ࢖ࢺศᩓᾮࡣㄪ〇ᚋ 1 㐌㛫ࢆ
⤒㐣ࡋ࡚࠸ࡿࡓࡵࠊ⢏Ꮚࡢศᩓ≧ែࡣⰋዲ࡛࡯ࡰ᏶඲࡟๤㞳≧ែ࡟࠶ࡿ࡜⪃࠼ࡽ




࡛ࡣࠊPEG9 ΰྜᾮ࡛ㄪ〇 3 ᪥ᚋ࡟㞳Ỉࡀぢࡽࢀࠊ≉࡟ SA ศᩓᾮ࡛㢧ⴭ࡛࠶ࡾ
⢓ᗘ ᐃࡀ࡛ࡁ࡞࠿ࡗࡓ⬮ὀࠋPEG9 ࡼࡾ㧗ศᏊ㔞ࡢ PEG ࡜ࡢΰྜᾮ࡛ࡣㄪ〇 45
᪥ᚋࡶ㞳Ỉࡀぢࡽࢀࡎࠊ࠸ࡎࢀࡶὶືᛶࡢ࠶ࡿࢰࣝ≧ែ࡛࠶ࡗࡓࠋFig.10 ࡟ࢡ࢚
ࣥ㓟⦆⾪ᾮࢆຍ࠼ࡓ LA2tw%ศᩓᾮ࠾ࡼࡧ PEG ΰྜᾮࡢㄪ〇 1 ᪥ᚋࡢእほࢆ♧
ࡍࠋLA ༢⊂ศᩓᾮ࡛ࡣὶືᛶࡢ࡞࠸୙㏱᫂࡞ࢤ࡛ࣝࠊPEG ΰྜᾮ࡛ࡣ㟷ⓑ࠸㏱
᫂࡞ࢰࣝ≧ែ࡛࠶ࡿࡇ࡜ࡀࢃ࠿ࡿࠋFig.11 ࡟ࢡ࢚ࣥ㓟⦆⾪ᾮࢆຍ࠼ࡓ SA ศᩓᾮ





ࢺ⢏Ꮚࡢ㓄ྥᛶࡀ PEG ῧຍ࡟ࡼࡾᙅࡲࡗࡓࡇ࡜ࠊࡑࡢຠᯝࡀ PEG ࡢศᏊ㔞ࡀ㧗
࠸᪉ࡀ㢧ⴭ࡛࠶ࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋ  
2-3-4. pH ㄪᩚࡋࡓࢫ࣓ࢡࢱ࢖ࢺศᩓᾮࡢ࢚࣮ࢪࣥࢢᣲື࡟ཬࡰࡍ PEG ῧຍࡢ
ᙳ㡪 ղMg ⁐ฟ㔞  
 2-3 ࡟♧ࡋࡓ᪉ἲ࡛ྛ✀ࢫ࣓ࢡࢱ࢖ࢺ 1wt%ศᩓᾮ࡟ࣜࣥ㓟⦆⾪ᾮࢆຍ࠼࡚
pH4㹼9 ࡟ㄪ〇ࡋࠊ25Υ࡟ಖᏑࡋ࡚ 3 ᪥ᚋ࡜ 2 㐌㛫ᚋ࡟Ỉ୰࡟⁐ฟࡋࡓ㔠ᒓ࢖࢜
ࣥࢆ ICP ࡟ࡼࡾ ᐃࡋࡓ⤖ᯝࢆ Table 4 ࡟♧ࡍࠋప pH ࡟࠾࠸࡚ Mg ࢖࢜ࣥࡀከ
ࡃ᳨ฟࡉࢀ࡚࠸ࡿࢧࣥࣉ࡛ࣝࡶ Fe ࠾ࡼࡧ Al ࢖࢜ࣥࡀ᳨ฟࡉࢀ࡚࠸࡞࠸ࡇ࡜࠿
ࡽࠊ㐲ᚰศ㞳࡜ℐ㐣࡜࡛࡯ࡰ඲࡚ࡢࢫ࣓ࢡࢱ࢖ࢺ⢏Ꮚࡀྲྀࡾ㝖࠿ࢀ࡚࠸ࡿࡇ࡜ࡀ
♧ࡉࢀ࡚࠸ࡿࠋ⤌ᡂ୰࡟ MgO ࡢྵ᭷㔞ࡀᑡ࡞࠸ KU ศᩓᾮ࠿ࡽࡢ Mg ⁐ฟ㔞ࡣ
ᑡ࡞࠿ࡗࡓࡀࠊSA ࠾ࡼࡧ LA ศᩓᾮ࠿ࡽࡣ Mg ࢖࢜ࣥࡀከࡃ⁐ฟࡋ࡚࠾ࡾࠊప
pH ࢧࣥࣉࣝ࡯࡝⁐ฟࡍࡿ Mg ࢖࢜ࣥࡢ㔞ࡀከ࠿ࡗࡓࠋ≉࡟ࠊpH3 ࡟ㄪᩚࡋࠊ50Υ
࡟ಖᏑࡋࡓ KU ศᩓᾮ࠿ࡽ⁐ฟࡋࡓ Mg 㔞ࡣࠊKU ⢏Ꮚ඲⤌ᡂࡢ⣙ 10%࡟┦ᙜࡋ
ࡓࠋpH3ࠊ6ࠊ8 ࡟ㄪ〇ࡋࠊ0Υ࠾ࡼࡧ 50Υ࡟ಖᏑࡋࡓࢧࣥࣉࣝࡢ pH ኚ໬ࢆ Fig.12
࡟♧ࡋࡓࠋMg ࢖࢜ࣥ⁐ฟ㔞ࡢᑡ࡞࠿ࡗࡓ KU ศᩓᾮࡣ࠸ࡎࢀࡢࢧࣥࣉ࡛ࣝࡶ pH
ኚ໬ࡀᑡ࡞࠿ࡗࡓࡢ࡟ᑐࡋࠊ⁐ฟ㔞ࡢከ࠿ࡗࡓ SA ࠾ࡼࡧ LA ศᩓᾮࡣࠊpH8 ௨
ୖ࡛ࡣኚ໬ࡀᑡ࡞࠿ࡗࡓࡶࡢࡢࠊpH3ࠊ6 ㄪ〇ᾮࡣࠊpH ࢆ ᐃࡋࡓㄪ〇 1 ᫬㛫ᚋ
࡟ࡣ pH 6 ⛬ᗘࡲ࡛ୖ᪼ࡋࠊࡑࡢᚋࡣ࡯࡜ࢇ࡝ኚ໬ࡀ࡞࠿ࡗࡓࠋ ᗘ࡟ࡼࡿᕪࡶ
࡯࡜ࢇ࡝ぢࡽࢀ࡞࠿ࡗࡓࠋ  
 PEG ࢆῧຍࡋࡓࢫ࣓ࢡࢱ࢖ࢺศᩓᾮ Mg ࢖࢜ࣥࡢ⁐ฟ㔞ኚ໬ࢆ࢚ࣜ࢜ࢡ࣒ࣟ











ࢸ࢕ࢵࢡ ᐃࢆ⾜࠸ࠊPEG9 ࡜ PEG90 ࡀศᩓᾮࡢὶືᛶ࡟୚࠼ࡿᙳ㡪࡟ࡘ࠸࡚ẚ
㍑ࡋࡓࠋLAX ࡣࠊ➃㠃 OH ࡢ୍㒊ࡀࣇࢵ⣲࡟⨨ࡁ᥮ࢃࡗࡓᵓ㐀ࢆࡶࡕࠊྠࡌ⃰ᗘ
ࡢ LA ศᩓᾮ࡜ẚ㍑ࡍࡿ࡜ప⢓ᗘ࡛࠶ࡿࠋPEG9 ࢆྵࡴ SA ࡸ LA ศᩓᾮ㸦2wt%㸧
ࢆ୰ᛶ௜㏆࡟ㄪᩚࡍࡿ࡜ࠊὶືᛶࡢ࡞࠸ࢤࣝࢆᙧᡂࡋࠊ࠸ࡗࡓࢇࢩ࢙࢔ࢆຍ࠼ࡿ
࡜ᵓ㐀ࡀ◚ቯࡉࢀඖ࡟ᡠࡽ࡞࠸ࡓࡵࠊ࣓࣮ࣞ࢜ࢱ࣮࡛ ᐃࡍࡿࡇ࡜ࡀ࡛ࡁ࡞࠸ࠋ
୍᪉ LAX ศᩓᾮࡣࠊ༢⊂ศᩓᾮ㸦2wt%㸧࡛ࡣࢤࣝ࡟࡞ࡿࡀࠊPEG9 ௨ୖࡢศᏊ
㔞ࡢ PEG ࢆῧຍࡍࡿ࡜ὶືᛶࡢ࠶ࡿ㧗⢓ᗘศᩓᾮ࡜࡞ࡿࠋࢫ࣓ࢡࢱ࢖ࢺศᩓᾮ
࡬ࡢ PEG9 ࡜ PEG90 ࡢῧຍຠᯝࢆẚ㍑ࡍࡿࡓࡵࠊࡇࢀࡽࡢὶືᛶ࠾ࡼࡧ」ᒅᢡ
ᛶࢆࣞ࢜࢜ࣉࢸ࢕ࢵࢡ ᐃ࡟ࡼࡾゎᯒࡋࡓࠋࢧࣥࣉࣝࡢฎ᪉ࢆ Table 5 ࡟♧ࡍࠋ














㞳Ỉᢚไຠᯝࡢ㧗࠿ࡗࡓ PEG90 ࢆῧຍࡋࡓ LAX ศᩓᾮ࡛ࡣࠊFig.15(b)࡟♧ࡍࡼ















2-3-6. ྾╔㔞࡜ࢫࢣ࣮ࣝ࡟㛵ࡍࡿ⪃ᐹ  
 LA ࡬ࡢ㧗ศᏊ PEG ࡢ྾╔㔞࡟ࡘ࠸࡚ࠊศᏊ㔞ࡢᙳ㡪ࢆㄪ࡭ࡓᩥ⊩ 13 ࡟ࡼࡿ
࡜ࠊPEG ศᏊ㔞ࡀ㧗࠸࡯࡝྾╔㔞ࡣከࡃࠊ≉࡟ศᏊ㔞ᩘ୓௨ୗ࡛ࡣศᏊ㔞౫Ꮡࡀ
኱ࡁࡃࠊ㏫࡟ศᏊ㔞 100 ୓௨ୖ࡛ࡣ኱ࡁ࡞ኚ໬ࡣ࡞࠸ࠋࡲࡓ PEG ศᏊࡢ྾╔ᒙ
ࡣࠊLA ⢏Ꮚ⾲㠃࡛ࡣ 1.5nm ⛬ᗘ࡛ PEG ศᏊ㔞࡟ࡣ౫Ꮡࡏࡎࠊ࢚ࢵࢪ㒊ศࡢ྾╔
ᒙࡣᖹ㠃ࡼࡾࡶࡸࡸཌࡃ 2.5nm㹼4nm ࡛ PEG ศᏊ㔞ࡀ㧗ࡃ࡞ࡿ࡟ࡘࢀ࡚ཌࡃ࡞
ࡗ࡚࠸ࡃࠋ LA ࡜ LAX ࡬ࡢ PEG ྾╔ᣲືࡀྠࡌ࡛࠶ࡿ࡜௬ᐃࡋࠊࣞ࢜࢜ࣉࢸ
࢕ࢵࢡ ᐃ࡟࠾ࡅࡿ PEG90 ࡜ LAX ⢏Ꮚࡢ㔞ࡸศᏊ࡜⢏Ꮚࡢࢫࢣ࣮ࣝࢆලయⓗ
࡟⪃࠼ࡿࡓࡵ࡟ࠊPEG ࡢ LAX ⾲㠃࡬ࡢ྾╔㠃✚࡜ศᩓᾮ୰ࡢ LAX ⢏Ꮚ༨᭷య
✚࡟ࡘ࠸࡚ィ⟬ࢆ⾜ࡗࡓࠋ  
ඛ࡟㏙࡭ࡓᩥ⊩࡟ࡼࡿ࡜ࠊᮏ◊✲࡛⏝࠸ࡓ PEG90 ࡢ྾╔㔞ࡣ 0.6 ਺ /੉ 2 ࡛࠶
ࡿࠋLAX ⢏Ꮚࢆ⦪࣭ᶓ࣭ཌࡳ=30nm30nm1nm ࡢ┤᪉య࡜ࡳ࡞ࡋ࡚ィ⟬ࡍࡿ
࡜ࠊ5wt%ῧຍࡋࡓ PEG90 ࡢ࠺ࡕࡢ 20㹼25㸣⛬ᗘࡋ࠿⢏Ꮚ⾲㠃࡟ࡣ྾╔ࡋ࡚࠸
࡞࠸ࡇ࡜࡟࡞ࡿࠋࡲࡓࡑࡢ㝿ࠊPEG4000 ศᏊ 1 ಶࡀ LAX ⾲㠃࡟༨ࡵࡿ྾╔㠃✚
ࡣ 4nm ᅄ᪉࡛࠶ࡿ㸦Fig.16 (a)㸧ࠋ  
LAX ⢏Ꮚࡢ⾲㠃࡟྾╔ࡋࡓ PEG ࡢཌࡳࢆ⪃៖ࡍࡿ࡜ࠊ⢏Ꮚࡣ Fig.16(b)ࡢࡼ࠺
࡟ࠊ⦪࣭ᶓ࣭ཌࡳ=35nm35nm4nm ࡢయ✚ࢆᣢࡘࠋ⢏Ꮚࡣศᩓᾮ୰࡟ 2wt%ྵ
ࡲࢀࡿࡀࠊLAX ࡢẚ㔜ࢆ LA ࡜ྠࡌ 2.53g/੉ 3㸦࣓࣮࣮࢝᝟ሗ㸧࡜ࡍࡿ࡜ࠊPEG90





ࢪ࡛ࡁࡿ㸦Fig.16 㸦d㸧㸧ࠋ  
2-4㸬⤖ゝ  









⬮ὀ 1㸬SA ࡜ LA ࡢ⃰ᗘࡀ␗࡞ࡿࢧࣥࣉࣝࡢ⤖ᯝࢆ♧ࡋࡓࡢࡣࠊ2wt%ศᩓᾮࡣ
PEG ࢆຍ࠼࡚ࡶ㞳Ỉࡍࡿࢧࣥࣉࣝࡀከࡃࠊ⢓ᗘ ᐃࡀ⾜࠼࡞࠿ࡗࡓࡓࡵ࡛࠶ࡿࠋ  
⬮ὀ 2㸬 ᐃ᫬࡟୚࠼ࡿࡏࢇ᩿ᛂຊࡣࠊPEG9 ࡜ࡢΰྜศᩓᾮࡣᐇ㦂㛤ጞ࡜࡜ࡶ
࡟ 20Pa ࢆ༳ຍࡋ㸪ࡑࢀ࠿ࡽᚎࠎ࡟ቑຍࡋ࡚ 100 ⛊㛫࡛ 30Pa ࡟࡞ࡿࡼ࠺࡟ࡋࡓࠋ
PEG90 ࡜ࡢΰྜศᩓᾮ࡛ࡣࢮࣟ࠿ࡽ 10Pa ࡲ࡛ 100 ⛊㛫࡛ቑຍࡉࡏ࡚࠸ࡿࡓࡵ㸪
᫬㛫࠶ࡓࡾࡢࡏࢇ᩿ᛂຊࡢቑຍ⋡ࡣ୧⪅࡜ࡶྠࡌ࡛࠶ࡿ㸬PEG9 ࡜ࡢΰྜศᩓᾮ
ࡣ㝆అᛂຊࡀ㧗࠸ࡓࡵ࡟ࢫࢱ࣮ࢺࡢᛂຊࢆ 20Pa ࠿ࡽጞࡵࡓࠋ࡞࠾ Fig.15 ࡟࠾࠸
࡚ὶືࡣ 5 ⛊࠿ࡽࢫࢱ࣮ࢺࡋ࡚࠸ࡿࠋ  
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A :Homomixer 9000rpm 5min
B :Homomixer 9000rpm 60min
Clay 20                    
Deionized water 680




Deionized water      15
or
PEG 20% solution  12.5 
Deionized water       2.5
25Υ












Table 1 Characteristic value of clay minerals 
Product name KunipiaG SmectonSA LaponiteXLG Laponite XL21










SiO2 61.30% 52.7 59.5 62.5
Al2O3 21.9 5.1 <0.1 <0.1
Fe2O3 2.2 <0.1 <0.1 <0.1
MgO 3.4 29.1 27.5 27.1
Na2O 4.1 4.0 2.8 2.3
F --- --- --- 3.0
CEC
(meq/100g)
114.3 71 55 107
Diameter (nm) 200 䡚300 50䡚100 20~30 40~60
BYK Additives & Instruments
Fig.2 Viscosity change of LA 2wt% dispersion prepared by different procedure 
(shown in schem1), 䕿; A, 䕕; B, filled points; samples stored at room 
























Fig.3 Birefringence of SA 2wt% dispersion












Fig.4 Viscosity change of LA 2wt%+PEG 9 5wt% dispersion 
prepared by different procedure (shown in scheme1): 䕿; A, 䕕; B, 
open points; samples stored at room temperature, filled points; 

































Fig.5 Viscosity change of LA 2wt%+PEG 90 5wt% dispersion 
prepared by different procedure (shown in scheme1): 䕿; A, 䕕; 
B, open points; samples stored at room temperature, filled 
points; samples stored at 50 degree. Samples in dotted area have 
birefringence.
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Fig.6 Amplitude Sweep of LA 2wt% and LA 2wt%+PEG 5wt% 
dispersion (prepared by procedure A, measured 40 days after preparation, 



























Fig.7 Amplitude Sweep of SA 2wt% and SA 2wt%+PEG90 
5wt% dispersion (prepared by procedure A, measured 40 days 
after preparation, stored at room temperature)
Strain (%)
Fig.8  Viscosity change of LA 1wt%+PEG 4wt% dispersion including 
0.03wt% of citric acid and 0.07wt% of sodium citrate. 
Formulation
LA                 1 wt%
PEG              4
Citric acid     0.03
Na citrate      0.07



































10 20 30 40
Formulation
SA                2 wt%
PEG             5
Citric acid    0.03
Na citrate     0.07
Water         92.9
PEG 250
PEG 460
Fig.9  Viscosity change of  SA 2wt%+PEG 5wt% dispersion including 
0.03wt% of citric acid and 0.07wt% of sodium citrate.
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Table 3 pH change of clay-PEG mixtures
Clay
time 1d 1M 1d 1M
Control 5.98 8.63 6.02 9.4
PEG 9 5.76 8.18 5.88 7.78
PEG 23 5.9 7.94 6.12 8.05
PEG 90 6.08 8.65 6.04 8.12
PEG 460 5.96 8.44 6.1 8.11
SA LA
Fig.10  Appearances of the LA dispersion; LA 2wt%, PEG 5wt%, 
Citric acid 0 .03wt%, Sodium Citrate 0.07wt% (a) LA (b) LA + 
PEG9 (c) LA + PEG90 
(a) (b) (c)
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(a) (b) (c) (d)
Fig.11  Appearances of the SA dispersion; SA 2wt%, PEG 5wt%, 
Citric acid 0 .03wt%, Sodium Citrate 0.07wt%; Appearances of (a) 
SA  (b) SA + PE90, between crossed polarizer; (c) SA +buffer, (d) 
SA + PE90 +buffer, phase separation occurred in sample a.
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3 days 2 weeks 3 days 2 weeks 3 days 2 weeks
4 3.5 5.7 0.1 0.2 0.0 0.0
6 3.8 5.4 0.1 0.1 0.0 0.0
KU 7 4.6 4.5 0.1 0.1 0.0 0.0
8 3.3 3.5 0.0 0.0 0.0 0.0
9 2.8 2.3 0.0 0.0 0.0 0.0
4 89 194 0.1 0.0 0.0 0.0
6 103 159 0.1 0.1 0.0 0.0
SA 7 53 83 0.1 0.0 0.0 0.0
8 14.4 21.1 0.0 0.0 0.0 0.0
9 3.9 9.0 0.0 0.0 0.0 0.0
4 87 249 0.0 0.0 0.0 0.0
6 105 223 0.0 0.0 0.0 0.0
LA 7 41 81 0.1 0.1 0.0 0.0
8 3.0 7.6 0.0 0.0 0.0 0.0
9 0.3 1.6 0.0 0.0 0.0 0.0
Table 4  Amound of cationic ion dissolution from 2wt% clay dispersions
with citric acid buffer ofᇫdifferent pH (ppm)
Clay pH
Mg Al Fe
Fig.12  pH alteration of (a) KU + buffer (b) SA + buffer 
(c) LA +buffer dispersions at 0 and 50 degree. All 
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Fig.13 Dissolution of Mg ion from LA-PEG composites
Formulation
LA                  2 wt%
PEG               5
Citric acid  0.12
Na citrate   0.08








Fig.14 pH alteration of LA-PEG dispersion






0 20 40 60
day
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Fig.15   Rheo-Optic measurement flow chart; (a) 




























Single molecule PEG90 /3.8nm square
shear
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Fig.16 Schematic image of adsorbed PEG and LAX particle in water 
(a) single molecule of PEG4000 adsorbed on LAX (b) Adsorbed layer  
of PEG90 on LAX (c) single LAX-PEG90 particle in water (d) image 









Fig.17   Schematic image of (a) clay and (b) clay-PEG 
network in water 
(a) (b)
50




PEG 90 - 5
Glycylglycine 0.48 0.48
Preservative 0.3 0.3
Ion exchanged water 92.62 92.62
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ࡓ࠿ࡶ⏺㠃άᛶ๣ࡢࡼ࠺࡟࢚࣐ࣝࢩࣙࣥࢆᏳᐃ໬ࡍࡿ⌧㇟ࢆ 1907 ᖺ࡟ሗ࿌ 1 ࡋ
࡚࠿ࡽ㸦ᐇ㝿࡟ᅛయ⢏Ꮚࡢங໬Ᏻᐃ໬ࠊཬࡧẼἻᏳᐃ໬ࢆึࡵ࡚ሗ࿌ࡋࡓࡢࡣ
Ramsden ࡛࠶ࡿ 2㸧100 ᖺ௨ୖࡀ⤒㐣ࡍࡿࡀࠊࢼࣀ⢏Ꮚ࡟㛵ࡍࡿ◊✲ࣈ࣮࣒࡟ࡼ








㸦Layered double hydroxide, LDH㸧࡜ࢫ࣓ࢡࢱ࢖ࢺ࡜ࡢඹᏑ⣔ 11)ࠊࡲࡓࢱࣥࣃࢡ
㉁ 12,13 ࠶ࡿ࠸ࡣ␯Ỉᛶ≀㉁ 14 ࡜ࡢ」ྜయࢆᙧᡂࡉࡏ࡚Ᏻᐃ࡞ங໬≀ࡀㄪ〇ࡉࢀ
ࡿ࡜࠸࠺ሗ࿌ࡀ࠶ࡿࠋࡲࡓࠊሷࡢῧຍ࡟ࡼࡾሷࢆ඲ࡃྵࡲ࡞࠸࡜ࡁ࡜ẚ㍑ࡋ࡚Ᏻ




























3-2-1. ཎᩱ  
ࢫ࣓ࢡࢱ࢖ࢺ࡜ࡋ࡚ࡣࠊኳ↛ࡢࣔࣥࣔࣜࣟࢼ࢖ࢺ࡛࠶ࡿࢡࢽࣆ࢔ F㸦ࢡࢽ࣑ࢿᕤ
ᴗࠊ௨ୗ KU ࡜グ㍕㸧ࠊྜᡂࢧ࣏ࢼ࢖ࢺ࡛࠶ࡿࢫ࣓ࢡࢺࣥ SA㸦ࢡࢽ࣑ࢿᕤᴗࠊ௨
ୗ SA ࡜グ㍕㸧ࠊྜᡂ࣊ࢡࢺࣛ࢖ࢺ࡛࠶ࡿ XLG㸦BYK Additives & Instrumentsࠊ௨






3-2-2. ࢧࣥࣉࣝࡢㄪ〇᪉ἲ  
ࡲࡎࠊ680g ࡢ࢖࢜ࣥ஺᥮Ỉࢆప㏿᧠ᢾࡋ࡞ࡀࡽ 20㹥ࡢࢫ࣓ࢡࢱ࢖ࢺࢆᚎࠎ࡟
ῧຍࠊ඲㔞ῧຍࡋࡓࡢࡕ࡟࣑࣍ࣔ࢟ࢧ࣮㸦TK ࣑࣍ࣔ࢟ࢧ࣮ࠊ≉Ṧᶵ໬㸧ࢆ⏝࠸





ᡤᐃࡢ⃰ᗘ࡜࡞ࡿࡼ࠺࡟ 50ml ࢫࢡ࣮ࣜࣗ⟶࡟ຍ࠼ࠊ࣑࣍ࣔ࢟ࢧ 㸦࣮࣏ࣜࢺࣟࣥࠊ








㌿ᩘ 10000rpm ࡛ 1 ศ㛫᧠ᢾࡋ࡚ㄪ〇ࡋࡓࠋ  




㸦AMVnࠊAnton Parr㸧ࢆ⏝࠸࡚ ᐃࡋࡓࠋ  
3-2-4. 㢧ᚤ㙾ほᐹ᪉ἲ  
 ங໬⢏ᏊࡢගᏛ㢧ᚤ㙾ほᐹࡣ OLYMPUSBX-60 ࢆ⏝࠸ࠊࢫࣛ࢖ࢻ࢞ࣛࢫୖ࡛࢖
࢜ࣥ஺᥮Ỉ࡟࡚ 10 ಸ⛬ᗘ࡟ᕼ㔘ࡋ࡚⾜ࡗࡓࠋSEM ほᐹࡣ KEYENCE VE-8800




3-3-1. ࢫ࣓ࢡࢱ࢖ࢺศᩓᾮ࡬ࡢሷῧຍ࡜ங໬≧ែ  






࠸࡚ࠊㄪ〇 1 㐌㛫ᚋࡢ KU ศᩓᾮࡣὶືᛶࢆ᭷ࡋ࡚࠸ࡓࡀࠊSA ࠾ࡼࡧ LA ศᩓ
ᾮࡣࢤࣝ໬ࡋࠊὶືᛶࡀぢࡽࢀ࡞࠿ࡗࡓࠋ⢓ᗘᴟ኱࡜࡞ࡿሷ⃰ᗘࡣࠊKU ศᩓᾮ









ほࢆࠊࡑࢀࡒࢀ Fig.3 ࡟♧ࡍࠋங໬≀ࡣ඲࡚Ỉ୰࡟Ἔ⁲ࡀศᩓࡉࢀࡓ O/W ᆺ࡛࠶





〇ࡉࢀࡓࠋሷ⃰ᗘ 1wt㸣࠾ࡼࡧ 2wt%࡛ࡣ LA ࡣจ㞟ࡋࠊ┦ศ㞳ࢆ㉳ࡇࡋࡓࡀࠊᏳ









SAࠊKU ࡟࠾࠸࡚ࡶྠᵝ࡟ NaCl ⃰ᗘࢆኚ࠼ࠊங໬≀ㄪ〇ࢆヨࡳࡓ⤖ᯝࢆẚ㍑
ࡋࠊTable 3 ࡟♧ࡍ㸦ࢫ࣓ࢡࢱ࢖ࢺ 1.5wt%ࠊὶືࣃࣛࣇ࢕ࣥ 50wt%㸧ࠋ࠸ࡎࢀࡶሷ
ῧຍ࡟ࡼࡾங໬ᛶࡣྥୖࡋࡓࡀࠊLA ࢆྵࡴ⣔࡛ࡢࡳங໬⢏Ꮚᚄࡀᚤ⣽࡞㸦30ȣ
m ⛬ᗘ㸧ங໬≀ࡀㄪ〇ࡉࢀࠊKUࠊSA ࢆྵࡴ⣔࡛ࡣࠊ100ȣm ௨ୖࡢ⢒኱࡞ங໬


































ḟ࡟ SA ศᩓᾮ࡟ NaCl ࢆ 3wt%ຍ࠼࡚ẚ㍑ࡋࡓ㸦Fig.6㸧ࠋࡇࢀࡽࡢ⢓ᗘࢆ B ᆺ
⢓ᗘィ࡟ࡼࡾ ᐃࡋࡓ⤖ᯝࢆ Fig.7 ࡟♧ࡍࠋẚ㍑ࡢࡓࡵࠊCC-A ༢⊂Ỉ⁐ᾮ࡟ࡘ
࠸࡚ࡶྠࡌࢢࣛࣇୖ࡟♧ࡋࡓࠋNaCl ࢆྵ᭷ࡋ࡞࠸ SA㸫CC-A0.01wt%」ྜయࡢỈ
ศᩓᾮࡣࠊᙎᛶࡀᙉࡃ ᐃ᫬࡟἞ලࡀࢫࣜࢵࣉࡋࡓࡓࡵ ᐃ࡛ࡁ࡞࠿ࡗࡓࠋ3wt㸣




NaCl ࢆῧຍࡋࡓ SA㸫CC-A 」ྜయỈศᩓᾮࡢ⢓ᗘࡣࠊCC-A ⃰ᗘࡀ 0.2wt%࡛ᴟ
኱್ࢆ♧ࡋࡓࠋSA ศᩓᾮࡣ 3wt㸣ࡢ NaCl ࢆῧຍࡍࡿ࡜จ㞟ࠊỿẊࢆ࠾ࡇࡋỈቑ
⢓ຠᯝࡣ࡞ࡃ࡞ࡿࡇ࡜ࠊࡲࡓ CC-A ༢⊂Ỉ⁐ᾮࡼࡾࡶ SA㸫CC-A 」ྜయỈศᩓ≀
ࡀ㢧ⴭ࡟㧗⢓ᗘ࡛࠶ࡿࡇ࡜࠿ࡽࠊSA ࡜ CC-A ࡢ┦஫స⏝࡟ࡼࡿቑ⢓࡜⪃࠼ࡽࢀ










ࣃࣛࣇ࢕ࣥࡣங໬≀඲యࡢ 15wt%ࠊCC-A ࡣ඲㔞ࡢ 0.005㹼3wt%࡜࡞ࡿࡼ࠺ࢧࣥ
ࣉࣝㄪ〇ࡋࡓࠋFig.8 ࡟ࠊࢫ࣓ࢡࢱ࢖ࢺ㸫CC-A 」ྜయ࡟ࡼࡿங໬≀ࡢ⢓ᗘ࡜ங໬
⢏Ꮚᚄࢆ♧ࡍࠋ  
ࢫ࣓ࢡࢱ࢖ࢺ✀࡟ࡼࡾ CC-A ࡢῧຍຠᯝࡣ␗࡞ࡗࡓࠋKU ࡜ࡢ」ྜయࡣࠊCC-A
⃰ᗘࡀ㧗ࡲࡿ࡯࡝ங໬⢏Ꮚࡣ⢒኱࡟࡞ࡾࠊἜᾋࡁࡀ㢧ⴭ࡜࡞ࡾࠊCC-A ⃰ᗘࡀ
0.1wt㸣࡛ࡣᆒ୍࡞ங໬≀ࡀᚓࡽࢀ࡞࠿ࡗࡓࠋࡇࢀࡣࠊKU ⢏Ꮚࡀ CC-A ῧຍ࡟ࡼ
ࡾจ㞟ࡍࡿࡇ࡜࡛ࠊKU㸫CC-A 」ྜయࡢ⢏Ꮚᚄࡀቑ኱ࡋࠊ⣽࠿࠸ங໬⢏Ꮚࢆᙧᡂ
࡛ࡁ࡞࠿ࡗࡓࡓࡵ࡜⪃࠼ࡽࢀࡿ㸦ࣆࢵ࢝ࣜࣥࢢ࢚࣐ࣝࢩࣙࣥ࡟࠾࠸࡚ࠊங໬⢏Ꮚ
ᚄࡣங໬๣࡛࠶ࡿ⢏Ꮚࡢ 10 ಸ௨ୖ࡛࠶ࡿࡇ࡜ࡀᐇ㦂ⓗ࡟ࢃ࠿ࡗ࡚࠸ࡿ㸧ࠋSA ࡜
ࡢ」ྜయࡣࠊCC-A ⃰ᗘࡀ 0.01wt%௨ୖ࡛ࡣங໬⢏Ꮚᚄ࡟ኚ໬ࡣ࡞࠿ࡗࡓࠋLA ࡣࠊ
ᚤ㔞ࡢ CC-A ῧຍ㸦0.005wt㸣㸧࡛⣽࠿࠸ங໬⢏Ꮚࡢங໬≀ࢆㄪ〇ྍ⬟࡛࠶ࡾࠊ
CC-A ࡢῧຍ⃰ᗘ࡟ࡼࡾங໬⢏Ꮚᚄ࡟࡯࡜ࢇ࡝ኚ໬ࡀ࡞࠿ࡗࡓࠋ  
ங໬≀ࡢ⢓ᗘ࡟㛵ࡋ࡚ࡣࠊKU ࡛ࡣࠊ࠶ࡿ CC-A ࡢῧຍ㔞࡛ᴟ኱್ࢆᣢࡗࡓࠋ
ࡇࢀࡣࠊFig.7 ࡟♧ࡋࡓ SA㸫CC-A㸫NaCl 」ྜయ࡛ࡢ⤖ᯝ࡜ྠᵝ࡟ࠊ࣏࣐࣮ࣜ࡜
ࡢ┦஫స⏝࡟ࡼࡿቑ⢓࡜จ㞟࡜ࡀྠ᫬㐍⾜ࡋ࡚࠸ࡿࡓࡵ࡜⪃࠼ࡽࢀࡿࠋLA ࡟ࡘ















SA ⢏Ꮚࡀ༨᭷ࡍࡿయ✚࡟ࡘ࠸࡚ィ⟬ࢆ⾜ࡗࡓ㸦SA ẚ㔜Ҹ2.5kg/m-3㸧22ࠋSA ⢏Ꮚ
ࢆ⦪࣭ᶓ࣭ཌࡳ=75nm75nm1nm㸦2 ❶ Table1 ࡼࡾ㸧ࡢ┤᪉య࡜ࡳ࡞ࡋ࡚ィ⟬
ࡍࡿ࡜ࠊ3wt%ศᩓᾮ୰࡟࠾࠸࡚ࡣ୍㎶ 75nm ࡢ❧᪉యࡢ୰࡟ 1 ಶࡢ SA ⢏ᏊࡀᏑ
ᅾࡍࡿࡇ࡜࡟࡞ࡿࠋ⏝࠸ࡓ࢝ࢳ࢜ࣥᛶ࣏࣐࣮ࣜࡢ୰࡛ࠊ᭱ࡶపศᏊ㔞࡛࠶ࡿ࢝ࢳ




㐍ࡋ⢓ᗘࡀపࡃ࡞ࡿ࡜ࡢண᝿࡟཯ࡋࠊNc ࡢ㧗࠸ DD-AࠊDD-B ࡜ࡢ」ྜయศᩓᾮ
࡜ࠊNc ࡢప࠸ CH ࡜ࡢ」ྜయỈศᩓᾮࡢ⢓ᗘࡣ࡯ࡰྠ➼࡛ࠊ」ྜయศᩓᾮࡢ⢓
ᗘࡣ Nc ࡜ࡣ┦㛵ࡀ࡞࠿ࡗࡓ㸦Fig.10㸧ࠋ  
ḟ࡟ࠊࡇࢀࡽࡢ」ྜయศᩓᾮ࡟ NaCl ࢆ 3wt%ຍ࠼ࡓ㝿ࡢ⢓ᗘ㸦Vn㸧ࢆ ᐃࡋࠊ
NaCl ࢆῧຍࡋ࡞࠸ศᩓᾮ࡜ࡢẚ㍑ࢆ⾜ࡗࡓࠋ⤖ᯝࢆ Fig.11 ࡟♧ࡍࠋNaCl ࢆྵࡲ
࡞࠸」ྜయศᩓᾮࡢ⢓ᗘ V ࡜ NaCl ࢆྵࡴ」ྜయศᩓᾮࡢ⢓ᗘ Vn ࡢẚ㸦Vn/V㸧ࠊ
ࡍ࡞ࢃࡕሷ࡟ࡼࡿῶ⢓ᗘྜࡣྠࠊ ࡌᵓ㐀ࢆ᭷ࡍࡿ࣏࣐࣮ࣜྠኈ࡛ࡣ࡯ࡰྠ➼࡛࠶
ࡗࡓ㸦CC ⣔㸸⣙ 0.5ࠊDD ⣔㸸⣙ 0.3㸧ࡀࠊ࢝ࢳ࢜ࣥᛶ࣏࣐࣮ࣜࡢศᏊ㔞ࠊ࢝ࢳ࢜
ࣥ໬ᗘ㸦Nc㸧ࡢ࠸ࡎࢀ࡜ࡶ┦㛵ࡀ࡞࠿ࡗࡓ㸦Fig.12㸧ࠋ  
SA ࡜࣏࣐࣮ࣜࡢ㟁Ⲵᐦᗘ࡟ࡘ࠸࡚ィ⟬ࡍࡿ࡜ࠊ࢝ࢳ࢜ࣥ໬ᗘࡀప࠸ CH ࡣࠊ
SA ⢏Ꮚ⾲㠃ࡢ㈇㟁Ⲵ࡟ᑐࡋ 1/1000 ⛬ᗘࡋ࠿ṇ㟁Ⲵࢆ᭷ࡋ࡚࠸࡞࠸ࡀࠊ࢝ࢳ࢜ࣥ
໬ᗘࡢ㧗࠸ DD-A ࡣ 1/3 ⛬ᗘࢆ᭷ࡋ࡚࠸ࡿࠋከ⢾ࢆ୺య࡜ࡍࡿ㧗ศᏊࡣ◳ࡃࣇࣞ
࢟ࢩࣅࣜࢸ࢕࣮ࡀప࠸ࡀࠊDADMAC ࢆ୺య࡜ࡍࡿ㧗ศᏊࡢศᏊ㙐ࡣᰂࡽ࠿ࡃࣇ






໬≀ࡢ⢓ᗘ࡜ங໬⢏Ꮚᚄࢆ Fig.13 ࡟♧ࡍࠋNaCl ࠾ࡼࡧ SA ࢆྵࡴศᩓᾮ࡛ㄪ〇
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Table 1   Cationic polymers used in this investigation 










CC-B Jelner QH400 Daicel Fine Chem Ltd. 80 1ᨺ2
CC-C Catinal HC200 160 1ᨺ2
CC-D Catinal HC400 200 ᨺ1
CH Oligoquat M Arch Chemicals Cationic HEC* 3ᨺ5 0.3ᨺ0.6
CG-A JAGUAR C-14S 280 1ᨺ2
CG-B JAGUAR C-17 650 1ᨺ2
CG-C JAGUAR EXCEL 200 1ᨺ2
DD-A Merquart 100 15 100









* Hydroxyl ethyl cellulose
** Diaryl dimethyl ammonium chloride
*** Acrylamide
**** Acrylic acid










Fig.1 Viscosity of the (䕺) 2 (䕔) 3 (䕦) 4 wt% clay 
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Fig.2 SEM images of the 3wt% clay dispersions with and without 
NaCl, a-1; KU without NaCl, a-2; with 2wt% NaCl, b-1; SA without 







Fig.3 A: LA 3wt% dispersions, B: Emulsions containing 50wt% liquid 
paraffin and 1.5wt% LA and water.
Concentration of NaCl are (a) 0 (b) 0.01 (c) 0.05 (d) 0.1 (e) 1 (f) 2wt%, 
respectively. Doted area expresses its appearance;    :transparent, 
:translucid,     :turbid
Appearance homogeneous phase separation
Appearance phase separation emulsion emulsion
Droplet size (μm) - >100 30~100







Fig.4 A: LA 3wt% dispersions, B: Emulsions containing 50wt% 
liquid paraffin and 1.5wt% LA, water, MgCl2 .
Concentration of MgCl2 are (a) 0.001 (b) 0.01 (c) 0.05 (d) 0.1 (e) 1 
wt%,  respectively. Doted area expresses its appearance;
:slightly translucid,    :translucid,     :turbid
Appearance homogeneous phase separation
Appearance phase separation emulsion emulsion
Droplet size (μm) - >100 30~100








NaCl (wt%) 0 0.01 0.1 0.5 1 2 5
KU
Droplet 



















Emulsions containing 50wt% liquid paraffin and 1.5wt% smectite, water,
NaCl, respectively. Doted area expresses its 





Fig.5 Microscopic image of the emulsion 
prepared with 2wt% LA, 0.24wt% NaCl, 




a b c d e
Fig.6 SA 3wt% dispersions with various CC-A 
concentrations, A: without NaCl, B: with 3wt% NaCl. 
Concentration of CC-A is (a) 0.01, (b) 0.05, (c) 0.1, (d) 0.2, 
(e) 0.5wt%,  respectively. 
Fig.7 Viscosities of SA 3wt% dispersions as a 
function of CC-A concentrations, 䕺;without 




















Fig.8 A: Viscosities, B: droplet diameter of 
3wt% emulsions of clay-CC-A composite as a 
function of  CC-A concentrations, 䕺KU, 

































Fig.9 Relationships of the viscosities of clay- cationic polymer 
composite gel and molecular weight of cationic polymer.  
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Fig.10 Schematic image of cationic polymer and clay particle in water
(a) SA 3wt%  (b) CC-A
Fig.11  Viscosities of composite gel of SA3wt% and 0.1wt% 
















Fig.12 Relationships of the Vn/V and A; Nc, B; molecular weight 
















Mw of added cationic polymer
(104)
Nc of added cationic polymer
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Fig.13 Black bar; viscosity, grey bar; average droplet diameter, of 
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ࡼࡧࠊࡇࢀࢆ⏝࠸ࡓ W/O ᆺங໬〇๣ࡢ໬⢝ရ࡬ࡢᛂ⏝  
 
4-1. ⥴ゝ  
W/O ங໬⓶⭵໬⢝ᩱࡣእ┦ࡀἜ┦࡛࠶ࡿࡓࡵࠊ␯Ỉⓗ࡞⫙⾲㠃࡟࡞ࡌࡳࡸࡍ
ࡃࠊ㧗࠸࢚࢚ࣔࣜࣥࢺ㸦ಖ‵㸧ຠᯝࠊỈࡸờ࡛ⴠࡕ࡟ࡃ࠸࡞࡝ࠊO/W ᆺ〇๣࡟ࡣ
࡞࠸≉ᚩࡀ࠶ࡿࠋࡋ࠿ࡋࠊW/O ங໬ࡣ O/W ங໬࡟ẚ࡭࡚Ᏻᐃ໬ࡀ㞴ࡋ࠸࡜ࡉࢀ













































4-2. ᐇ㦂  
4-2-1. ヨ⸆  
᭷ᶵኚᛶ⢓ᅵ㖔≀ࡣࢪࢫࢸ࢔ࣝࢪࣔࢽ࣒࢘࣊ࢡࢺࣛ࢖ࢺ㸦Elementis Specialtiesࠊ
௨ᚋ OC㸦Organoclay㸧࡜グ㍕㸧ࢆ⏝࠸ࡓࠋ㠀࢖࢜ࣥᛶ⏺㠃άᛶ๣ࡣࢪ࢖ࢯࢫࢸ࢔







4-2-2.  ࢜࢖ࣝࢤࣝࡢㄪ〇  
࢜࢖ࣝࢤࣝࡣࠊ25Υ࡟࠾࠸࡚ OC ࡟㠀࢖࢜ࣥᛶ⏺㠃άᛶ๣࡜Ἔศࢆຍ࠼ࠊ࣍ࣔ
࣑࢟ࢧ࣮㸦T.K.ROBOMIX® ࠊࣉࣛ࢖࣑ࢡࢫ㸧࡟࡚ 4000rpm ࡛ 1 ศ㛫ᨩᢾࡋ࡚ㄪ
〇ࡋࡓࠋ࢜࢖ࣝࢤࣝ⤌ᡂࡣࠊOC ࡜㠀࢖࢜ࣥᛶ⏺㠃άᛶ๣ࢆ Fig.3 ࡟♧ࡋࡓẚ⋡
࡟ࡼࡾ⥲㔞 10㸣࡜ࡋࠊ௚ 90㸣ࢆἜศ㸦࢖ࢯ࣊࢟ࢧࢹ࢝ࣥࠊὶືࣃࣛࣇ࢕ࣥࠊࡲ
ࡓࡣࢹ࣓࢝ࢳࣝࢩࢡࣟ࣌ࣥࢱࢩࣟ࢟ࢧࣥ㸧࡟࡚ㄪ〇ࡋࡓࠋ  
4-2-3.  ࢜࢖ࣝࢤࣝࡢ⢓ᗘ ᐃ  
࢜࢖ࣝࢤࣝࡢ⢓ᗘࡣࠊ 25Υ࡟࠾࠸࡚ࣈࣝࢵࢡࣇ࢕࣮ࣝࢻᆺ⢓ᗘィ㸦DIGITAL 
VISMETRON VDA 2ࠊⰪᾆࢭ࣒ࢸࢵࢡ㸧ࢆ⏝࠸࡚ ᐃࡋࡓࠋヨ㦂ᑐ㇟≀ࡢ⢓ᗘ࡟
ࡼࡾୗグࡢ㏻ࡾ࡟⢓ᗘィࢆ౑࠸ศࡅࡓࠋヨ㦂≀ࡢ⢓ᗘࡀ 0 㹼2500 (mPa㺃s)ࡢሙྜࠊ
ࣅࢫ࣓ࢺ࣮ࣟࣥࣟࢱ࣮No.2 ࢆ౑⏝ࡋࠊᅇ㌿ᩘ 12rpmࠊ1 ศ㛫࡛ ᐃࡋࡓࠋヨ㦂≀
ࡢ⢓ᗘࡀ 2500㹼10000 (mPa㺃s)ࡢሙྜࠊࣅࢫ࣓ࢺ࣮ࣟࣥࣟࢱ࣮No.3 ࢆ౑⏝ࡋࠊᅇ
㌿ᩘ 12rpmࠊ1 ศ㛫࡛ ᐃࡋࡓࠋヨ㦂≀ࡢ⢓ᗘࡀ 10000㹼100000 (mPa㺃s)ࡢሙྜࠊ
ࣅࢫ࣓ࢺ࣮ࣟࣥࣟࢱ࣮No.4 ࢆ౑⏝ࡋࠊᅇ㌿ᩘ 12rpmࠊ1 ศ㛫࡛ ᐃࡋࡓࠋヨ㦂≀
ࡢ⢓ᗘࡀ 100000㹼400000 (mPa㺃s)ࡢሙྜࠊVDH ᆺࢆ⏝࠸࡚ࣅࢫ࣓ࢺ࣮ࣟࣥࣟࢱ
࣮No.7 ࢆ౑⏝ࡋࠊᅇ㌿ᩘ 10rpmࠊ1 ศ㛫࡛ ᐃࡋࡓࠋ  
4-2-4.  W/O ᆺங໬〇๣ࡢㄪ〇  
࢜࢖ࣝࢤࣝ࡟Ỉ┦ࢆῧຍࡋࠊ࣑࣍ࣔ࢟ࢧ࣮㸦T.K. ROBOMIX®ࠊࣉࣛ࢖࣑ࢡࢫ㸧
࡟࡚ 4000rpm ࡛ 1 ศ㛫ᨩᢾΰྜࡍࡿࡇ࡜࡛ㄪ〇ࡋࡓࠋ⤌ᡂࡣ Table 1 ࡟♧ࡍࠋ  
4-2-5.  ᭷ᶵኚᛶ⢓ᅵ㖔≀ࡢᒙ㛫㊥㞳ࡢ ᐃ  
ᑠゅ X ⥺ᩓ஘⿦⨨  (SAXSessࠊAnton Paar)ࢆ⏝࠸࡚ ᐃࢆ⾜ࡗࡓࠋ  
4-2-6.  ᭷ᶵኚᛶ⢓ᅵ㖔≀ࡢศᩓ≧ែࡢほᐹ  
Ἔ୰࡟ศᩓࡋࡓ OCࠊࡲࡓࡣ࢜࢖ࣝࢤࣝࢆ㉮ᰝᆺ㟁Ꮚ㢧ᚤ㙾㸦VE㸫8800ࠊ࣮࢟
࢚ࣥࢫ㸧ࢆ⏝࠸ࠊຍᅽ㟁ᅽࢆ 2.0kVࠊಸ⋡ࢆ 1000 ಸ࡜ࡋ࡚ほᐹࢆ⾜ࡗࡓࠋ  
4-2-7.  Ἔ୰࡛ࡢ᭷ᶵኚᛶ⢓ᅵ㖔≀࡬ࡢ⏺㠃άᛶ๣ࡢ྾╔㔞ࡢ ᐃ  
࢜࢖ࣝࢤࣝࢆ 25Υ᮲௳ୗ࡛ࠊ10000rpm ࡛ 10 ศ㛫㐲ᚰศ㞳ࡋ࡚ OC ᒙ࡜Ἔศᒙ
࡟ศ㞳ࡉࡏࠊἜศᒙ࡟Ꮡᅾࡍࡿ P8I ࢆ NMR ࡟࡚ᐃ㔞ࡋࠊ௙㎸ࡳ㔞࡜ࡢᕪࢆ྾╔
㔞࡜ࡋࡓࠋ  NMR ࡟ࡼࡿᐃ㔞ࡣࠊእᚄ 5mm ࡢ஧㔜 NMR ヨᩱ⟶㸦WGS-5BLࠊ




RESONANCE) ࢆ⏝࠸ࠊἜศᒙ୰ࡢ࢖ࢯ࣊࢟ࢧࢹ࢝ࣥࡢಙྕࢆ DANTE ࣃࣝࢫ࡟
ࡼࡾᾘཤࡋ࡞ࡀࡽࠊ ᐃ ᗘ 30Υࠊほ ࿘Ἴᩘ 6000Hzࠊ45rࣃࣝࢫࠊࣃࣝࢫ⧞
ࡾ㏉ࡋ᫬㛫 12 ⛊ࠊ✚⟬ᅇᩘ 64 ᅇࡢ᮲௳࡛ 1H-NMR ࡢ ᐃࢆ⾜ࡗࡓࠋෆ⟶ࡢࢡ
࣒ࣟࣟ࣍ࣝ -d ࡣศゎ⬟ㄪᩚࠊNMR ࣟࢵࢡ࡟฼⏝ࡋࡓࠋ࢖ࢯ࣊࢟ࢧࢹ࢝ࣥ࡟ྛ✀
⃰ᗘࡢ P8I ࢆ⁐ゎࡉࡏࡓᶆ‽⁐ᾮࢆㄪ〇ࡋ࡚ 1H-NMR  ᐃࢆ⾜࠸ࠊᚓࡽࢀࡓࢫ
࣌ࢡࢺࣝࡢෆ⟶୰ࡢࢡ࣒ࣟࣟ࣍ࣝࡢಙྕࡢ㠃✚ࢆෆ㒊ᶆ‽࡜ࡋࠊእ⟶୰ࡢ P8I ࡢ
࢚ࢳࣞࣥ࢜࢟ࢧ࢖ࢻ㙐㒊ࡢಙྕࡢ㠃✚࡜ࡢ᳨㔞⥺ࢆసᡂࡋࠊෆ㒊ᶆ‽ἲ࡟ࡼࡾ
P8I ࡢᐃ㔞ࢆ⾜ࡗࡓࠋ  





ᩘࢆ ᐃࡋࡓࠋࣉ࣮ࣟࣈࡣ 20g ຍ㔜࡜ࡋࠊሬᕸ㠃✚ 10cm2࡟ᑐࡋ 10cm ࡢ ᚟㐠
ືࢆ⾜࠺タᐃ࡜ࡋ࡚ᐇ㦂ࢆ⾜ࡗࡓࠋᐇ㦂ࡣࡍ࡭࡚ ᗘ 25Υࠊ‵ᗘ 50㸣ࡢᜏ ᜏ
‵ᗘୗ࡛⾜ࡗࡓࠋ  




ࢩࣟ࢟ࢧࣥ࡜ P10DM ࢆ⏝࠸࡚ㄪ〇ࡋࡓ W/O ங໬〇๣ࢆᇶ‽࡜ࡋࠊ࢖ࢯ࣊࢟ࢧࢹ
࢝ࣥ࡜ P8I ࢆ⏝࠸࡚ㄪ〇ࡋࡓங໬〇๣ࢆୖグ 6 㡯┠࡟ࡘ࠸࡚ྛ 5 ẁ㝵ホ౯࡛ẚ  
㍑ࡋࡓࠋ  
 
4-3.  ⤖ᯝ࡜⪃ᐹ  













ࡣࠊᚑ᮶⏺㠃άᛶ๣࡜ࡋ࡚ P10DM ࡀ⏝࠸ࡽࢀࡿࡀࠊ ratio=0.8 ࡟࠾࠸࡚ᴟ኱⢓ᗘ
ࢆ♧ࡍࡇ࡜࠿ࡽࠊὶືࣃࣛࣇ࢕ࣥࡢቑ⢓࡜ẚ㍑ࡋ࡚㠀࢖࢜ࣥᛶ⏺㠃άᛶ๣ࢆከࡃ
ᚲせ࡜ࡍࡿ࡜࠸࠼ࡿࠋ⏺㠃άᛶ๣࡜Ἔศࡢ⤌ࡳྜࢃࡏࢆኚ᭦ࡋࠊ࢖ࢯ࣊࢟ࢧࢹ࢝





4-3-2.  ⢓ᅵ㖔≀࡬ࡢ⏺㠃άᛶ๣ࡢ྾╔  
᪂つ࡞࢖ࢯ࣊࢟ࢧࢹ࢝ࣥ㸫P8I ⣔ࡢ࢜࢖ࣝࢤࣝ࡟ࡘ࠸࡚⢓ᅵ㖔≀ࡢᒙ㛫㊥㞳ࠊ
࠾ࡼࡧ⢓ᅵ㖔≀࡬ࡢ P8I ࡢ྾╔⋡ࢆ ᐃࡋࠊ࢜࢖ࣝࢤࣝ⢓ᗘ࡜ࡢ㛵ಀ࡟ࡘ࠸࡚⪃
ᐹࡋࡓࠋཧ⪃ࡲ࡛࡟ࠊOC ཎయ࠾ࡼࡧࠊP8I 7wt%ࠊOC 21wt%ࠊ࢖ࢯ࣊࢟ࢧࢹ࢝ࣥ
72wt%࡛ㄪ〇ࡋࡓ࢜࢖ࣝࢤࣝࡢ SAXS ࢹ࣮ࢱࢆ Fig.4 ࡟♧ࡍࠋSAXS  ᐃࡢ⤖ᯝ












ḟ  ࡟ࠊOC ࡟ᑐࡍࡿ P8I ࡢ྾╔⋡ࢆゎᯒࡋࡓࠋ࢜࢖ࣝࢤࣝࢆ㐲ᚰศ㞳ࡋ࡚⢓ᅵ
㖔≀ᒙ࡜Ἔศᒙ࡟ศ㞳ࡉࡏࠊἜศᒙ࡟Ꮡᅾࡍࡿ⏺㠃άᛶ๣㔞ࢆᐃ㔞ࡋࠊ௙㎸ࡳ㔞
࡟ᑐࡍࡿ⢓ᅵ࡬ࡢ྾╔⋡ࢆ⟬ฟࡋࡓࠋFig.5, B ࡟♧ࡍࡼ࠺࡟ࠊ ratio=0.2 ௨ୗ࡛ࡣ





ratio=0.2 ௨ୗ࡛ࡣࠊOC ⾲㠃࡬ P8I ࡀ྾╔ࡍࡿࡇ࡜࡛ OC ࡢᒙ㛫ࡀᣑᙇࡋ࡚࠸ࡿ
࡜⪃࠼ࡽࢀࡿࠋࡇࡢ᫬Ⅼ࡛ࡣቑ⢓ࡋ࡞࠸ࠋratio=0.23㹼0.33 ࡟࠾࠸࡚ࡣࠊOC ⾲㠃
࡬ࡢ P8I ࡢ྾╔ࡣ࡯ࡰࣉࣛࢺ࣮࡟㐩ࡋࠊᒙ㛫㊥㞳ࡣ᭱኱್ࢆ࡜ࡗࡓࡲࡲ୙ኚ࡛࠶
ࡿࠋࡍ࡞ࢃࡕࠊOC ⾲㠃࡟྾╔ࡋ࡞࠸ P8I ࡀἜ୰࡟Ꮡᅾࡋጞࡵࠊࡇࢀࡀ⢓ᅵ㖔≀
ྠኈࡢఱࡽ࠿ࡢ┦஫స⏝ࢆಁ㐍ࡋࠊ࢜࢖ࣝࢤࣝࡀᙧᡂࡉࢀࡓ࡜⪃࠼ࡽࢀࡿࠋࡇࡢ
┦஫స⏝࡟ࡘ࠸࡚ࡣࠊP8I ࡢ㏫࣑ࢭࣝ࡟ࡼࡿ⢓ᅵ㖔≀⢏Ꮚࡢᯫᶫ࡛ࡣ࡞࠸࠿࡜⪃
࠼࡚࠸ࡿࡀࠊ⌧᫬Ⅼ࡛ᐇド࡛ࡁ࡚࠸࡞࠸ࠋratio=0.33㹼࡛ࡣ P8I ࡢ OC ࡬ࡢ྾╔ࡀ
෌ࡧୖ᪼ࡋ࡚࠸ࡿࡀࠊࡇࢀࡣἜ୰࡟Ꮡᅾࡍࡿከ㔞ࡢ㏫࣑ࢭࣝࡀ OC ࡬྾╔ࠊᯫᶫ
ࢆゎᾘࡍࡿࡇ࡜࡛ศᩓᛶࡀࡉࡽ࡟ྥୖࡋࠊ࢜࢖ࣝࢤࣝࢆᔂቯࡉࡏࡓ࡜⪃࠼ࡽࢀࡿࠋ 
4-3-3.  ⏺㠃άᛶ๣࡟ࡼࡿ᭷ᶵኚᛶ⢓ᅵ㖔≀ࡢศᩓ  
P8I ࡢ㔜㔞ẚ⋡ࡀ␗࡞ࡿྛⅬ࡛ࡢ OC ࡢ≧ែࢆࠊSEM ࢆ⏝࠸࡚ほᐹࡋࡓ⤖ᯝࢆ
Fig. 6 ࡟♧ࡍࠋP8I ࡀᏑᅾࡋ࡞࠸᮲௳㸦Fig.6 A㸧࡛ࡣ OC ࡣจ㞟యࢆᙧᡂࡋ࡚࠸
ࡿࠋࡋ࠿ࡋࠊ⏺㠃άᛶ๣ࡢῧຍ㔞࡟ẚ౛ࡋ࡚ศᩓᛶࡀྥୖࠊratio=0.1 ࡛ࡣ୍㒊ศ
ᩓࡋࡓ OC⢏Ꮚࡀㄆࡵࡽࢀࠊ⏺㠃άᛶ๣ࡢ OC࡬ࡢ྾╔ࡀࣉࣛࢺ࣮࡟࡞ࡿ ratio=0.3 
(C)࡛ࡣࠊOC ඲యࡀ࡯ࡰศᩓࡉࢀ࡚࠸ࡿࠋࡉࡽ࡟ࠊP8I ࡀ㐣๫࡞ ratio=0.7 (D)࡛
ࡣࠊࡼࡾᆒ୍࡟ OC ࡣศᩓࡉࢀ࡚࠸ࡿࡀࠊ࢜࢖ࣝࢤࣝࡢ⢓ᗘࡣῶᑡࡋࡓࠋࡇࡢࡼ





4-3-4.  ࢖ࢯ࣊࢟ࢧࢹ࢝ࣥ࡜ P8I ࢆ⤌ࡳྜࢃࡏࡓ࢜࢖ࣝࢤࣝࢆ⏝࠸ࡓ W/O ᆺங
໬〇๣ࡢ౑⏝ឤゐホ౯  
 ⢓ᗘࡀᴟ኱್ࢆ♧ࡍẚ⋡࡛ㄪ〇ࡋࡓ࢜࢖ࣝࢤࣝ࡟Ỉࢆῧຍࡋࠊங໬≀ࢆㄪ〇ࡍ





































ࡓ⤖ᯝ࡜୍⮴ࡋ࡚࠸ࡓ (Fig. 8)ࠋ  
 
4-4. ⤖ゝ  
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Fig 3 The viscosity of oil-gel prepared from the various mixing
ratios of nonionic surfactants / OC. Surfactant for
cyclomethicone was PEG-10 dimethicone, that for
isohexadecane and liquid paraffin was PEG8 diisostearate,








































Surfactants / OC ratio
Fig.1 Oilgel with 














Fig.2 Schematic image of oilgel of OC
Fig 4 Comparison of the inclusion compound and OC
SAXS spectra
P8I 7
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Fig 5 (A) The interlayer distance of OC, the viscosity of oil-gel
prepared from the various mixing ratios of PEG-8 diisostearate







Fig 6 SEM observation of oil-gel prepared from P8I / isohexadecane
with various mixing ratios of P8I / OC. The ratios were shown at the


























Surfactant concentration in oil phase (wt%)
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Fig 7 Changes in the frictional properties of the emulsions on
artificial skin. The blue and red lines represent the friction of
conventional cyclomethicone oil-gel and isohexadecane oil-gel
systems, respectively. The friction of the latter was found to be



























Fig 8 Results of sensory texture evaluation of isohexadecane / P8I
formula. Eight experienced panels compared the formulae with
cyclomethicone / P10DM formula as the control by 6 evaluation
items and graded their impressions into 5 grades; better, good, no
difference, bad, and worse. The 6 evaluation items were spreading
character, non-oily feeling, skin compatibility, non-stickiness,
moisture providing ability, and smooth after application. The non-
stickiness and skin compatibility of isohexadecane / P8I formula was
found to be better than that of cyclomethicone / P10DM.













5 ❶ O/W/O ᆺ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢㄪ〇࡜ࡑࡢ໬⢝ရ࡬ࡢᛂ⏝  
 
5-1㸬⥴ゝ  
5-1-1. ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥ࡜ࡣ  
 ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥ࡜ࡣࠊከ┦࢚࣐ࣝࢩࣙࣥࠊ」ྜ࢚࣐ࣝࢩࣙࣥ࡜ࡶゝࢃ
ࢀࠊỈ┦୰࡟ W/O ᆺ࢚࣐ࣝࢩࣙࣥࡀศᩓࡋࡓ W/O/W ᆺ࡜ࠊἜ┦୰࡟ O/W ᆺ࢚
࣐ࣝࢩࣙࣥࡀศᩓࡋࡓ O/W/O ᆺ࡜ࡀᏑᅾࡍࡿࠋW/O/WࠊO/W/O ᆺ୧⪅ࢆẚ㍑ࡍ
ࡿ࡜ࠊW/O/W ᆺࡢ࡯࠺ࡀẚ㍑ⓗ◊✲ࡀ㐍ࢇ࡛࠾ࡾࠊ≉チࡸᩥ⊩ᩘࡶከ࠸  1-3 ࠋ
ᚋ㏙ࡍࡿࡼ࠺࡟ࠊᕤᴗⓗ࡟ࡣᵝࠎ࡞࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢᛂ⏝౛ࡀ࠶ࡾࠊ໬

















5-1-3. ୍⯡ⓗ࡞࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢㄪ〇ἲ  
࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢㄪ〇ἲ࡟ࡣࠊ኱ࡁࡃศࡅ࡚ 1 ẁ㝵ங໬ἲ㸦Single Step
ἲ㸧࡜ 2 ẁ㝵ங໬ἲ㸦Double Step ἲ㸧ࡀ࠶ࡿࠋSingle Step ἲࡣࠊ୍ᗘࡢங໬ᕤ⛬
࡛࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࢆᚓࡿ᪉ἲ࡛ࠊW/O/W ᆺ࡛࠶ࢀࡤࠊἜ┦࡟Ỉ┦ࢆῧ
89 
ຍࡋ࡚ࡺࡁࠊW/O ᆺ࠿ࡽ O/W ᆺ࡬㌿┦ࡉࡏ࡚ㄪ〇ࡍࡿ 13,20ࠋෆእ┦ࡢ⤌ᡂࡣྠ
୍࡛࠶ࡾࠊࡲࡓ⏝࠸ࡿ⏺㠃άᛶ๣ࠊἜศࡢ㔞ࡸ✀㢮࡟ࡼࡗ࡚ྛ┦ࡢẚ⋡ࡣ࡯ࡰỴ
ࡲࡗ࡚ࡃࡿ 21ࠋ  
Double Step ἲ㸦Fig.2㸧ࡣࠊጞࡵ࡟ㄪ〇㸦1 ḟங໬㸧ࡋࡓ࢚࣐ࣝࢩࣙࣥࢆࠊእ┦
࡜࡞ࡿᾮయ୰࡟෌ங໬㸦2 ḟங໬㸧ࡍࡿࡇ࡜࡛ᚓࡽࢀࡿࠋ1 ḟங໬࡛ᚓࡽࢀࡓ࢚
࣐ࣝࢩࣙࣥࢆ◚ቯࡏࡎ࡟࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࢆㄪ〇ࡍࡿࡓࡵ࡟ࡣࠊ1 ḟங໬
ࡼࡾࡶ 2 ḟங໬ࡢࡏࢇ᩿ຊࢆᑠࡉࡃࡍࡿᚲせࡀ࠶ࡿࠋᚤ⣽࡞ 1 ḟ⢏Ꮚࢆㄪ〇ࡍ









ࡿ᪉ἲࡶᥦ᱌ࡉࢀ࡚࠸ࡿ 24ࠋ  
ࡇࡢ௚ࠊ⣽⟶ࢆẁ㝵ⓗ࡟஧ࡘ⧅ࡂࠊෆ┦࡜࡞ࡿᾮయࢆ⣽⟶ࢆ㏻ࡋ࡚୰㛫┦࡜࡞ࡿ
ᾮయ୰࡟⁲ୗࡋࠊࡇࢀࢆࡉࡽ࡟እ┦࡜࡞ࡿᾮయ୰࡟⁲ୗࡍࡿࡇ࡜࡛ࠊ⢏Ꮚᚄࡢᥞ
ࡗࡓ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࢆ⡆౽࡟ㄪ〇ࡍࡿ᪉ἲࡶሗ࿌ࡉࢀ࡚࠸ࡿ 25ࠋ  
5-1-4. ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢᏳᐃ໬ᢏ⾡  
࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢᐇ⏝໬࡟࠾࠸࡚᭱ࠊ ࡶ኱ࡁ࡞㞀ᐖࡣࡑࡢᏳᐃᛶ࡛࠶
ࡿࠋFig.3 ࡟࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢ඾ᆺⓗ࡞୙Ᏻᐃ໬⤒㊰ࢆ♧ࡍ 26ࠋෆ┦ࡢ
ྜ୍  (a)ࠊ୰㛫┦ࡢྜ୍㸦b㸧ࠊእ┦࠿ࡽෆ┦࡬ࡢ࣐࢖ࢢ࣮ࣞࢩࣙࣥ㸦 c㸧ࠊෆ┦࠿
ࡽእ┦࡬ࡢ࣐࢖ࢢ࣮ࣞࢩࣙࣥ㸦d㸧ࠊཬࡧࠊࡇࢀࡽࡢ」ྜ⤒㊰࡟ࡼࡾࠊ᭱⤊ⓗ࡟ෆ
┦ࡀእ┦࡟྾཰ࡉࢀ࡚ O/W ᆺࠊW/O ᆺࡢ༢⣧࢚࣐ࣝࢩࣙࣥ࡟ኚ໬ࡍࡿࠊ࠶ࡿ࠸
ࡣศ㞳ࡀ㉳ࡇࡿࠋ௨ୗ࡟ࠊ⤒᫬ᏳᐃᛶࡢⰋዲ࡞࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࢆㄪ〇ࡍ
ࡿࡓࡵࡢ࣏࢖ࣥࢺ࡟ࡘ࠸࡚㏙࡭ࡿࠋ  








᮲௳࡟࠶࡚ࡣࡲࡿࡇ࡜ࡀ㔜せ࡛࠶ࡿ 27-28ࠋ  
a)  ぶἜᛶ⏺㠃άᛶ๣ࡀᏳᐃᛶࡢⰋዲ࡞ W/O ࢚࣐ࣝࢩࣙࣥࢆㄪ〇ྍ⬟  
b)  ぶỈᛶ⏺㠃άᛶ๣ࡢ HLB ࡀ 15 ௨ୖ  
c)  ぶỈᛶ⏺㠃άᛶ๣ࡢἜ┦࡬ࡢ⁐ゎᗘࡀప࠸  



















ࢀࡿࠋW/O/W ᆺ࢚࣐ࣝࢩࣙࣥࡢሙྜ࡟ࡣྛࠊ ✀Ỉ⁐ᛶ㧗ศᏊࢆ㓄ྜ 33ࡍࡿ࡯࠿ࠊ
㧗⣭࢔ࣝࢥ࣮ࣝࡢȘࢤࣝ୰࡟ W/O ᆺ࢚࣐ࣝࢩࣙࣥࢆศᩓࡉࡏࡿᡭἲ 34ࡶ⏝࠸ࡽ
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ࢀ࡚࠸ࡿࠋ  




























࡚࠸ࡿ 37,38ࠋ  
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5-1-6. ᮏ◊✲ࡢ⫼ᬒ  
















ࢩࣙࣥࡢㄪᩚἲ࠾ࡼࡧࣅࢱ࣑ࣥ A ࡢᏳᐃ໬◊✲  
5-2-1. ᮏ◊✲ࡢ┠ⓗ  
 ࣅࢱ࣑ࣥ A ࡣ⏕≀ࡢᡂ㛗ࠊච␿⣔ࠊどぬ࡟࡜ࡗ࡚㔜せ࡞⬡⁐ᛶࣅࢱ࣑࡛ࣥ࠶
ࡿࡀࠊ⓶⭵ࡢゅ໬ࢆࢥࣥࢺ࣮ࣟࣝࡍࡿᶵ⬟  ࡀⓎぢࡉࢀ࡚௨᮶ࠊ໬⢝ရศ㔝࡟࠾















 ෆໟࡍࡿ⸆๣࡜ࡋ࡚ࡣࣅࢱ࣑ࣥ A㸦All-trans ࣞࢳࣀ࣮ࣝࠊ150 million IU/g, ࢡ
ࣛࣞ໬Ꮫ㸧࠾ࡼࡧࣅࢱ࣑ࣥ A ࣃ࣑ࣝࢸ࣮ࢺ㸦1.7 million IU/gࠊ᪥ᮏࣟࢵࢩࣗ㸧
ࢆ⏝࠸ࡓࠋࣞࢳࣀ࣮ࣝࡢᵓ㐀ࢆ Fig.5 ࡟♧ࡋࡓࠋࡑࡢ௚ࡢཎᩱࡣࠊ඲࡚ᕷ㈍ࡢ໬
⢝ရཎᩱࢆ⢭〇ࡍࡿࡇ࡜࡞ࡃ⏝࠸ࡓࠋ  
5-2-2-2. O/W/O ᆺ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢㄪ〇᪉ἲ  
ᮏ◊✲࡛ࡣ࠸ࡎࢀࡶ Double Step ἲࢆ⏝࠸ࡓࠋᔞ㧗࠸⏺㠃άᛶ๣ࢆ⏝࠸࡚Ᏻᐃ
࡞ O/W ⏺㠃ࢆࡘࡃࡿ┠ⓗ࡛ࠊぶỈᛶ⏺㠃άᛶ๣࡜ࡋ࡚ࡣ POE ◳໬ࣄ࣐ࢩἜ㸦ࢽ
ࢵࢥ࣮ࣝ HCO-60ࠊࢽࢵࢥ࣮ࢣ࣑࢝ࣝࠊ௨ୗ HCO60 ࡜グ㍕㸧ࢆ⏝࠸ࡓࠋ  




ᴗ㸧࠾ࡼࡧ୰㛫 HLB ࢆ᭷ࡍࡿ⏺㠃άᛶ๣࡛࠶ࡿ POE14 ࢪ࢖ࢯࢫࢸ࢔ࣜࣝ㸦࢚࣐
ࣞࢵࢡࢫ 600di-ISࠊ᪥ᮏ࢚࣐ࣝࢪࣙࣥࠊ௨ୗ PEIS ࡜グ㍕㸧ࢆྵࡴἜ┦୰࡟࣍ࣔ












ࢺ 1700s-1 ࡟࡚ ᐃࡋࡓࠋ⢓ᗘࡀ 10000㹫Pa࣭ s ௨ୖࡢ࢚࣐ࣝࢩࣙࣥ࡟ࡘ࠸࡚ࡣࠊ
◳ᗘィ㸦࣮࢝ࢻ࣓࣮ࢱ࣮ࠊ⃮ᕝ㸧࡟࡚◳ᗘࢆ ᐃࡋࡓࠋ  
5-2-2-5㸬  㐣㓟໬್㸦Peroxide value (POV)㸧ࡢ ᐃἲ  
 ࣮ࣚࢻ࣓ࢺ࣮ࣜࢆ⏝࠸ࡓ⏺㠃άᛶ๣ࡢ POV  ᐃࡣࠊཎࡽࡢ᪉ἲ 44࡟‽ࡌ࡚⮬
ື⁲ᐃ⿦⨨㸦AT-118ࠊி㒔࢚ࣞࢡࢺࣟࣥ㸧ࢆ⏝࠸࡚⾜ࡗࡓࠋ㓟໬ࣞ࣋ࣝࢆኚ࠼ࡓ
ぶỈᛶ⏺㠃άᛶ๣㸦HCO60㸧ࡣࠊ5㹼48 ᫬㛫 60Υ࡛ຍ⇕ࡋ࡚ㄪ〇ࡋࠊ౑⏝ࡍࡿ┤
๓ࡲ࡛ 40Υ࡟࡚ಖᏑࡋࡓࠋ  
5-2-2-6㸬ࣅࢱ࣑ࣥ A ࡢᐃ㔞ἲ  
ࣅࢱ࣑ࣥ A ࡢᐃ㔞ࡣࢲ࢖࣮࢜ࢻ࢔ࣞ࢖᳨ฟჾ㸦SPD-MI0AVࠊᓥὠ〇సᡤ㸧ࢆ
ేタࡋࡓ HPLC㸦Nanospaceࠊ㈨⏕ᇽ㸧ࢆ⏝࠸࡚ ᐃࡋࡓࠋࣅࢱ࣑ࣥ A ࠾ࡼࡧࣅ
ࢱ࣑ࣥ A ࣃ࣑ࣝࢸ࣮ࢺࡢ ᐃ᮲௳ࢆ Table 1 ࡟♧ࡋࡓࠋ ᐃࡣ඲࡚ 2 ᅇࡎࡘ⾜
࠸ࠊᖹᆒ್ࢆ♧ࡋࡓࠋ  
5-2-2-7㸬ෆໟ⋡ࡢ ᐃ   
ෆ┦࡟ྵࡲࢀࡿࣅࢱ࣑ࣥ A ࡢᐃ㔞ࡣࠊKang ࡽࡢ᪉ἲ 45 ࡟‽ࡌ࡚⾜࠸ࠊ࣐ࣝࢳ
ࣉ࢚࣐ࣝࣝࢩࣙࣥ඲య࡟ྵࡲࢀࡿࣅࢱ࣑ࣥ A ࡢ⥲㔞࡜ࡢẚ⋡࡜ࡋ࡚⾲ࡋࡓࠋࡲ
ࡎࣅࢱ࣑ࣥ A ࢆྵࡴ O/W/O ᆺ࢚࣐ࣝࢩࣙࣥࢆ 2,000 rpm ࡟࡚ 1 ᫬㛫㐲ᚰศ㞳ࢆ
⾜࠸ࠊศ㞳ࡋࡓᚤ㔞ࡢἜศ㸦እ┦㸧࡟ྵࡲࢀࡿࣅࢱ࣑ࣥ A 㔞ࢆ HPLC ࡟࡚ᐃ㔞
ࡋࡓࠋෆໟ⋡ࡣ௨ୗࡢᘧࢆ⏝࠸࡚⟬ฟࡋࡓࠋ  
 
                                 
                                
VAT ࡣ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥ඲య࡟ྵࡲࢀࡿࣅࢱ࣑ࣥ A ࡢ⥲㔞ࢆ♧ࡋࠊVAo 
ࡣ HPLC ࡛ᐃ㔞ࡋࡓእ┦࡟ྵࡲࢀࡿࣅࢱ࣑ࣥ A 㔞࡛࠶ࡿࠋ  
 
5-2-3㸬⤖ᯝ࠾ࡼࡧ⪃ᐹ  ̺㠀࢖࢜ࣥᛶ⏺㠃άᛶ๣ࢆ⏝࠸ࡓᏳᐃᛶ࡟ඃࢀࡓ
O/W/O ᆺ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢㄪᩚἲ㸫  
5-2-3-1㸬㸯ḟங໬࡟⏝࠸ࡿぶỈᛶ⏺㠃άᛶ๣ࡢ㐺ṇ㔞  
᳨ウࡋࡓฎ᪉ࢆ Table 2 ࡟ࠊࡲࡓෆ┦ O/W ᆺ࢚࣐ࣝࢩࣙࣥࢆㄪ〇ࡍࡿ㝿࡟⏝࠸
ࡓ࣏ࣜ࢜࢟ࢩ࢚ࢳࣞࣥ◳໬ࣄ࣐ࢩἜ㸦HCO60㸧ࡢ⃰ᗘࢆቑࡸࡋࡓ࡜ࡁࡢෆἜ⢏Ꮚ
ᚄ࡜ࠊㄪ〇ࡉࢀࡿ O/W/O ᆺ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢ⢓ᗘࢆㄪ࡭ࡓ⤖ᯝࢆ Fig.6
VAT 䠉 VA0 
VAT 
ശ100㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 [1] Encapsulation percentage   =  
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࡟♧ࡍࠋእ┦ࡢ᭷ᶵኚᛶ⢓ᅵ㖔≀࡜ࡋ࡚ࡣࠊྜᡂࢧ࣏ࢼ࢖ࢺࢆ᭷ᶵኚᛶࡉࡏࡓࢫ
࣓ࢡࢺࣥ DS-100㸦௨ୗ OCDS ࡜グ㍕㸧ࢆ⏝࠸ࡓࠋHCO60 ⃰ᗘࡀቑࡍ࡯࡝ㄪ〇ࡉ
ࢀࡿ O/W ࢚࣐ࣝࢩࣙࣥ⢏Ꮚᚄࡣᑠࡉࡃ࡞ࡾࠊO/W/O ࢚࣐ࣝࢩࣙࣥࡢ⢓ᗘࡣ
HCO60 ⃰ᗘ 1㸣࡛ᴟ኱Ⅼࢆᣢࡗ࡚࠸ࡓࠋࡍ࡞ࢃࡕࠊHCO60 㔞ࡀ୙༑ศ㸦<0.5wt㸣㸧
࡛ O/W ࢚࣐ࣝࢩࣙࣥ୰ࡢἜ⁲ࡀ඘ศ࡟ᑠࡉࡃ࡞ࡾࡁࢀ࡞࠸ሙྜࡣࠊෆ┦ࡢἜศ
ࡀḟࡢ W/O ங໬ࡢẁ㝵࡛Ỉ⢏Ꮚෆ࡟ྲྀࡾ㎸ࡲࢀࡎ࡟እἜ┦࡟ΰྜࡍࡿࡇ࡜࡜࡞
ࡾࠊ⤖ᯝ࡜ࡋ࡚ W/O ࢚࣐ࣝࢩࣙࣥࡢỈ┦ẚࡀୗࡀࡗ࡚ O/W/O ࢚࣐ࣝࢩࣙࣥࡢ⢓
ᗘࡣపࡃ࡞ࡿࠋ㐣๫ࡢ HCO60㸦>2㸣㸧ࢆ㓄ྜࡋࡓ⣔࡛ࡣࠊ⣔ࡢ HLB ࡀᔂࢀ࡚Ᏻ
ᐃ࡞ W/O ங໬ࡀ࡛ࡁ࡞ࡃ࡞ࡿࡓࡵࠊࡸࡣࡾෆ┦Ἔࡀእ┦Ἔ࡜ΰྜࡀ㉳ࡇࡾࠊ࣐




 ḟ࡟ࠊ2 ḟங໬࡜ࡋ࡚ W/O ᆺ࢚࣐ࣝࢩࣙࣥࢆㄪ〇ࡍࡿ㝿࡟⏝࠸ࡿ㠀࢖࢜ࣥᛶ
⏺㠃άᛶ๣㸦PEIS㸧࡜᭷ᶵኚᛶ⢓ᅵ㖔≀㸦OCDS㸧ࡢ㔞ࢆኚ࠼࡚࣐ࣝࢳࣉ࢚࣐ࣝ
ࣝࢩࣙࣥࢆㄪ〇ࡋࡓ㝿ࡢࠊ࢚࣐ࣝࢩࣙࣥࡢᏳᐃᛶࢆ Fig.7 ࡟♧ࡍࠋ᳨ウฎ᪉ࡣ
















〇┤ᚋ࡜ 50Υ1 ࠿᭶ᚋࡢ㢧ᚤ㙾෗┿㸦Fig.8(a),(b)㸧ࠊ࠾ࡼࡧㄪ〇 1 ᪥ᚋࡢ Cryo-





















 OCDS ࡜ PEIS ࡢ㓄ྜẚ⋡ࢆ 1㸸0.2 ࡟ᅛᐃࡋࠊࡇࡢ⥲㔞ࢆኚ໬ࡉࡏࡓ࡜ࡁࡢ࣐
ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢ⢓ᗘኚ໬ࢆ Fig.11 ࡟♧ࡍ㸦OCDS ࡜ PEIS ௨እࡢᡂศࡢ




᳨ウࡋࡓฎ᪉ࢆ Table 4 ࡟♧ࡍࠋෆ┦࢜࢖ࣝ࡜Ỉ┦ࡢẚ⋡ࡣ୍ᐃ࡟ࡋࠊእ┦ࡢ
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ฎ᪉ࡣ඲࡚ྠࡌ࡟ࡋࡓࠋෆ┦ẚࢆኚ࠼࡚ㄪ〇ࡋࡓ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢ⢓ᗘ
ኚ໬ࢆ Fig.13 ࡟♧ࡍࠋෆ┦ẚࡀ 0.1㹼0.3 ࡛ࡣ⢓ᗘኚ໬ࡣ࡯࡜ࢇ࡝ぢࡽࢀ࡞࠿ࡗ
ࡓࡀࠊ0.4㹼0.5 ࡛ࡣෆ┦ẚࡀቑຍࡍࡿ࡟ᚑ࠸⢓ᗘࡀῶᑡࡋࡓࠋෆ┦ẚ 0.5 ࡢ࣐ࣝ
ࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡣ 50Υ࡟ 1 ࠿᭶㟼⨨ᚋ࡟ࠊ࢚࣐ࣝࢩࣙࣥ⾲㠃࡟Ἔᾋࡁࡀぢ
ࡽࢀࡓࡇ࡜࠿ࡽࠊෆ┦ẚ 0.4 ௨ୖ࡛ࡣෆ┦ࢆྲྀࡾ㎸ࡳษࢀࡎࠊ⤖ᯝⓗ࡟እ┦ࡢẚ
⋡ࡀ㧗ࡲࡗ࡚࠸ࡿࡓࡵ࡛ࡣ࡞࠸࠿࡜⪃࠼࡚࠸ࡿࠋ  
5-2-3-4㸬O/W ࢚࣐ࣝࢩࣙࣥẚࡀ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥ⢓ᗘ࡟୚࠼ࡿᙳ㡪  
O/W ࢚࣐ࣝࢩࣙࣥ୰ࡢἜ㸭Ỉẚࢆᅛᐃࡋࠊእ┦࡟ᑐࡍࡿ O/W ࢚࣐ࣝࢩࣙࣥࡢ
ẚ⋡ࡀࠊ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥ඲యࡢ⢓ᗘ࡟୚࠼ࡿᙳ㡪࡟ࡘ࠸࡚ㄪ࡭ࡓࠋ᳨ウ
ฎ᪉ࢆ Table 5࡟♧ࡍࠋ୰㛫┦ࡢங໬⢏Ꮚᚄ࡜࢚࣐ࣝࢩࣙࣥࡢ◳ᗘ ᐃ್ࢆ Fig.14
࡟♧ࡋࡓࠋO/W ࢚࣐ࣝࢩࣙࣥẚࡀ㧗ࡲࡿ࡯࡝࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢ⢓ᗘࡣ
ቑ኱ࡋࡓࠋO/W ࢚࣐ࣝࢩࣙࣥẚࡀ 0.8 ࡛ࡣࠊ୰㛫┦ࡢங໬⢏Ꮚᚄ࡟ࡤࡽࡘࡁࡀ࠶
ࡾࠊ඲యⓗ࡟኱ࡁࡃ࡞ࡗ࡚࠸ࡓࠋ㧗 O/W ࢚࣐ࣝࢩࣙࣥẚ㸦0.7㹼㸧࡛ࡣ 50Υ1 ࠿
᭶㟼⨨ᚋࠊ࢚࣐ࣝࢪࣙࣥୖ㒊࡟ᚤ㔞ࡢ㞳Ỉࡀぢࡽࢀࠊ୍᪉࡛ప O/W ࢚࣐ࣝࢩࣙ
ࣥẚ㸦0.5㸧࡛ࡣ⢓ᗘࡀపࡃࠊ50Υ1 ࠿᭶㟼⨨ᚋ࡟Ἔ࠺ࡁࡀぢࡽࢀࡓࠋ௨ୖࡢࡇ࡜
࠿ࡽࠊࡇࡢ⣔࡟࠾࠸࡚ࡣࠊO/W ࢚࣐ࣝࢩࣙࣥẚࡣ 0.6 ௜㏆ࡀ᭱㐺࡛࠶ࡿࡇ࡜ࡀࢃ
࠿ࡗࡓࠋ  




















5-2-4-1. ࢚࣐ࣝࢩࣙࣥࢱ࢖ࣉࡢᙳ㡪  
ࡲࡎྛࠊ ✀࢚࣐ࣝࢩࣙࣥࡢෆ┦࡟ࣞࢳࣀ࣮ࣝࢆ㓄ྜࡋࡓ㝿ࡢ᳨ࠊ ウฎ᪉࡜ 50Υ


















࡚ಖᏑࠊ17 ᪥ᚋࡢṧᏑ⋡ࢆ ᐃࡋࡓ⤖ᯝࢆ Fig.16 ࡟♧ࡍࠋࣅࢱ࣑ࣥ A ࣃ࣑ࣝࢸ






ࣥࢺࣥ 38 ࡜ࠊྜᡂࢫ࣓ࢡࢱ࢖ࢺࢆ᭷ᶵኚᛶࡋࡓࢫ࣓ࢡࢺࣥ DS-100 ࢆ⏝࠸࡚࠸
ࡿࡀࠊኳ↛⢓ᅵ࠿ࡽసࡽࢀࡿ࣋ࣥࢺࣥ 38 ࡣࠊFe203 ➼ࡢ㔠ᒓ㓟໬≀ࢆከࡃྵࡴࠋ
㕲࢖࢜ࣥࡣ⬡㉁ࡢ㐣㓟໬࡟ᑐࡍࡿຠᯝⓗ࡞ゐ፹࡜ࡋ࡚ᶵ⬟ࡍࡿࡇ࡜ࡀ▱ࡽࢀ࡚




⏝࠸ࡓࠋ࢚࣐ࣞࢵࢡࢫ 600 di-O ࡢ POV ್ࡣ 324 meq/kg ࡛࠶ࡾࠊ࢚࣐ࣞࢵࢡࢫ
600 di-IS ࡢ POV ್ࡣ᳨ฟࡉࢀ࡞࠿ࡗࡓࠋࡇࢀࡽࢆ⤌ࡳྜࢃࡏࠊO/W/O ᆺ࢚࣐ࣝ
ࢩࣙࣥࢆㄪ〇ࡋࠊ50Υ࡛ಖᏑࡋ⤒᫬࡛ࣅࢱ࣑ࣥ A ࣃ࣑ࣝࢸ࣮ࢺࡢṧᏑ⋡ࢆ ᐃ
ࡋࡓࠋ⤖ᯝࢆ Fig.17 ࡟♧ࡍࠋࢫ࣓ࢡࢺࣥ DS-100 ࡜࢚࣐ࣞࢵࢡࢫ 600di-IS ࡢ⤌ࡳ
ྜࢃࡏ࡛ㄪ〇ࡋࡓ࢚࣐ࣝࢩ࡛ࣙࣥࠊ61.8㸣࡜᭱ࡶ㧗࠸್ࢆ♧ࡋࡓࠋ୍᪉࡛ࠊ࣋ࣥ
ࢺࣥ 38 ࡜࢚࣐ࣞࢵࢡࢫ 600 di-O ࡢ⤌ࡳྜࢃࡏ࡛ㄪ〇ࡋࡓ࢚࣐ࣝࢩ࡛ࣙࣥࡣࣅࢱ
࣑ࣥ A ࣃ࣑ࣝࢸ࣮ࢺࡢṧᏑ⋡ࡣඖࡶపࡃࠊ14.4㸣࡛࠶ࡗࡓࠋෆ┦୰࡟⁐ゎࡋࡓࣅ
ࢱ࣑ࣥ A ࣃ࣑ࣝࢸ࣮ࢺࡢṧᏑ⋡࡟ࠊእἜ┦୰࡟ྵࡲࢀࡿ W/O ங໬๣ࡶ኱ࡁ࡞ᙳ
㡪ࢆཬࡰࡍࡇ࡜ࠊࡲࡓ㐣㓟໬≀ࡸ㔠ᒓ࢖࢜ࣥࡢᏑᅾࡀࣅࢱ࣑ࣥ A ࣃ࣑ࣝࢸ࣮ࢺ
ࡢ㓟໬ศゎࢆಁ㐍ࡍࡿࡇ࡜ࡀ♧ࡉࢀࡓࠋ  
5-2-4-3. ࢚࣐ࣝࢩࣙࣥ⤌ᡂࡢᙳ㡪  
 ḟ࡟ࠊO/W/O ࢚࣐ࣝࢩࣙࣥ୰ࡢෆἜ┦㔞ࢆኚ࠼࡚ྠᵝࡢᐇ㦂ࢆ⾜ࡗࡓࠋἜ┦ẚ
ࡀ 0.1㹼0.5 ࡢࣞࢳࣀ࣮ࣝ㓄ྜ O/W ࢚࣐ࣝࢩࣙࣥࢆㄪ〇ᚋࠊ᭦࡟ࡇࢀࡽࡢ O/W ࢚
࣐ࣝࢩࣙࣥࢆ⏝࠸࡚ O/W/O ࢚࣐ࣝࢩࣙࣥࢆㄪ〇ࡋࠊ50Υ2 㐌㛫ᚋࡢࣞࢳࣀ࣮ࣝ
ṧᏑ⋡ࢆ ᐃࡋࡓࠋ࡞࠾ࠊᶓ㍈ࡢෆἜ┦ẚȭ i ࡣࠊO/W ࢚࣐ࣝࢩࣙࣥ࡟࠾ࡅࡿෆ
Ἔ┦ࡢẚ⋡ࢆ⾲ࡋ࡚࠸ࡿࠋ⤖ᯝࢆ Fig.18 ࡟♧ࡍࠋO/W ࢚࣐ࣝࢩ࡛ࣙࣥࡣࠊࣞࢳ
ࣀ࣮ࣝṧᏑ⋡ࡣἜ┦ẚ࡟౫Ꮡࡏࡎࠊ⣙ 62㸣࡛࠶ࡗࡓࠋ୍᪉ࠊࡇࢀࢆ O/W/O ࢚࣐
ࣝࢩࣙࣥ࡜ࡋࡓሙྜ࡟ࡣࠊO/W ࢚࣐ࣝࢩࣙࣥ୰ࡢἜ┦ẚࡀࠊ0.1 ࠿ࡽ 0.5 ࡟㧗ࡲ


















⪃࠼࡚࠸ࡿࠋFig.19 ࡟♧ࡋࡓ 50Υࠊ2 㐌㛫ಖᏑᚋࡢࣞࢳࣀ࣮ࣝෆໟ⋡࡜ࠊFig.18
࡟♧ࡋࡓࣞࢳࣀ࣮ࣝṧᏑ⋡ࡣᴟࡵ࡚┦㛵ࡀ㧗ࡃࠊO/W/O࢚࣐ࣝࢩࣙࣥ࡟࠾࠸࡚ࠊ
୙Ᏻᐃ⸆๣ࢆᏳᐃ໬ࡍࡿࡓࡵ࡟ࡣ᭱ࠊ ෆἜ┦࡟⸆๣ࢆ㛢ࡌ㎸ࡵ࡚࠾ࡃᚲせࡀ࠶ࡿ





5-2-4-4. ᢠ㓟໬๣ࡢᙳ㡪  




ṧᏑ⋡ࢆ Fig.21 ࡟♧ࡍࠋᢠ㓟໬๣࡜ࡋ࡚ࡣࠊἜ⁐ᛶ࡛࠶ࡿ BHT ࡼࡾࡶࠊỈ⁐ᛶ
ࡢ AsANa ࡢ࡯࠺ࡀຠᯝࡀ㧗࠿ࡗࡓࠋEDTA࡛ࣞࢳࣀ࣮ࣝᏳᐃᛶࡀపୗࡋࡓࡢࡣࠊ




๣ࢆྵࡲ࡞࠸࢚࣐ࣝࢩࣙࣥ࡜ẚ㍑ࡋ࡚⣙ 20㸣ࡶྥୖࡋࡓࠋ  
 
5-3㸬≉ᚩࡢ࠶ࡿ౑⏝ឤゐࢆ᭷ࡍࡿ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥ  




















ᘧ࡟࠶࡚ࡣࡵࡿヨࡳࡶ࡞ࡉࢀ࡚࠸ࡿ 56 ࠋ  
5-3-3. ᐇ㦂᪉ἲ  
5-3-3-1. O/W ᆺ࢚࣐ࣝࢩࣙࣥࡢㄪ〇  
ẚ㍑ⓗࢡࣛࣇࢺᒎࡢ㧗࠸⬡⫫㓟▼㮯ࡸ࢔࣑ࣀ㓟⣔ࡢ࢔ࢽ࢜ࣥ⏺㠃άᛶ๣ࢆ⏝


















࣏ࣜ࢖࣑ࢻ⭷ࢆ㈞ࡾࠊࡑࡢୖ࡟ࢧࣥࣉࣝ 50ȣ l ࢆ⨨࠸ࡓࠋ20g ࡢⲴ㔜ࢆ࠿ࡅ࡞ࡀ
ࡽࠊࢧࣥࣉࣝࡢୖ࡛ᛂຊࢭࣥࢧᦚ㍕ࢳࢵࣉࢆ ᚟㐠ືࡉࡏࠊሬࡾఙࡤࡋ᫬࡟࠿࠿
ࡿືᦶ᧿ಀᩘࡢኚ໬ࢆ ᐃࡋࡓࠋ  
5-3-4. ⤖ᯝ࠾ࡼࡧ⪃ᐹ  








O/W/O ᆺ࢚࣐ࣝࢩࣙࣥ࡟≉ᚩⓗ࡞ 2 ᅇࡢኚ໬ࡣࠊෆἜ┦ẚࡀ㧗࠸࡯࡝㢧ⴭ࡛࠶
ࡗࡓࠋෆἜ┦ẚ 8wt㸣ࡢ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࢆࠊỈࡢ⢏Ꮚᚄࢆኚ࠼࡚ㄪ〇ࡋ
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Fig.2 Process of destabilization of multiple emulsion 
O/W Emulsion O/W/OMultiple Emulsion
Oil
Fig.3  Schematic representation of a O/W/O multiple emulsion






















Vitamin A Vydac 201TP 104 C18, 4.6 x 250 mm 




Capcellpak UG 120 C18, 4.6 x 150 
mm (Shiseido) 
mobile phase Vitamin A 10 mmol/L potassium  phosphate 











column oven temperature 40Υ
Table 1 Condition of HLPC measurement
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Table 2  Formula of O/W/O emulsion for varying concentration of 
hydrophilic surfactant
Material Content (wt%)
Inner oil phase Liquid Paraffin 20
Water phase
1,3-butylen glycol






















































Fig.6  Effect of the concentration of the hydrophilic surfactant on the 
diameter of internal oil droplets (䖃), and the viscosity of O/W/O 
emulsion (䕔).  The concentration means wt% to the whole O/W/O 
emulsion weight (all of the following graphs are the same).  The solid 



















Fig.7  Phase diagram of OCDS / PEIS system for O/W/O 
emulsion.  The open circle (䕿) represents the stable state of 
O/W/O emulsion, the open triangle (䕧), unstable at 50Υ for 1 
month, cross (㽢), no O/W/O emulsion obtained.
Table 3  Formula of O/W/O emulsion for varying concentration of 
lipophilic surfactant and organoclay
Material Content (wt%)
Inner oil phase Liquid Paraffin 20
Water phase
1,3-butylen glycol













Fig.8  Optical photomicrographs for O/W/O emulsions; 1 Initial 
condition of O/W/O emulsion for OCDS/PEIS (1.5 / 0.6 %), (a) 




Fig.9 Cryo-SEM for O/W/O emulsion with organoclay 
Fig.10  Schematic depiction of effect of W/O interface on O/W/O 
emulsion system; (a) rigid interfacial membrane with organoclay 
prevents the internal oil droplets from coalescence with the external oil 
phase, (b) the internal oil droplets are more likely to be absorbed by 
external oil phase without organoclay.
(a) (b)
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Fig.12  Effect of  inclusion compound concentration on the viscosity 
of O/W/O emulsion. Weight ratio of OCDS to PEIS is fixed at 0.2. 



















Fig.11  Effect of lipophilic non-ionic surfactant concentrations of on 
the viscosity of O/W/O emulsions.  The open circle (䕿) represents 
the O/W/O emulsion using 0.75% of lipophilic non-ionic surfactant, 


















Content of PEIS (wt%)
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ΦO/W
Components 0.1 0.2 0.3 0.4 0.5
Inner oil 





























Table 5  Formula of O/W/O emulsion for varying 
Φ(O/W)/O
Components 0.5 0.6 0.65 0.7 0.8
Inner oil 










































Table 4  Formula of O/W/O emulsion for varying weight fraction of inner oil 
phase ratio
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Fig.13  Effect of weight fraction of internal oil (φO/W) (as measured by 
the ratio of internal oil weight to the whole internal O/W phase weight) 
viscosity of O/W/O emulsion.  The open circle (䕿) represents that the 
stable O/W/O emulsion was obtained, the cross (㽢), unstable state (oil 
float was observed).























Fig.14  Effect of weight fraction of O/W phase on the diameter of water 
droplets and the hardness of O/W/O emulsion.  The open circle (䕿) represents 
that the stable O/W/O emulsion was obtained, the open triangle (䕧), slightly 































   










ester oils around 10
Hydro carbons around 20
Silicone oils around 30





Components LP* solution O/W W/O O/W/O
Inner oil phase Liquid paraffin 99.9 10 10
Retinol 0.1 0.1 0.1
Water phase 1,3-Butanediol 5 5 5
Glycerine 5 5 5
PEG60 caster oil 1 1
Carbomer 0.1
Methylparaben 0.1 0.1 0.1
Ion-exchanged water to 100 to 100 to 100
Outer oil phase Liquid paraffin 27.6 27.6
Smecton DS-100 2 2
PEG14 Di-isostearate 0.4 0.4
Retinol 0.1
Table 6  Formulas (%) of Emulsions and Retinol Stability
Remaining percentage of Retinol
at 50 Υ after 4 week 0 32.3 45.7 59.6
* LP; Liquid paraffin:
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Fig. 16 Effect of peroxide in an O/W emulsifier (Nikkol HCO-60) on 
the stability of Vitamin A palmitate (VA-pal); the remaining 






































Fig. 17 Ffect of organophilic clay minerals and O/W emulsifiers on retinol 
stability; the remaining percentage of retinol at 50 Υ, with (䖃) Smecton 
DS100 and Emulex 600 di-IS, (䕦)Smecton DS100 and Emulex 600 di-O, 
(䕺) Benton 38 and Emulex di-IS, (䕔) Benton 38 and Emulex di-O.
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Fig. 18 Effect of inner oil phase ratio (φi) on the stability of 
retionol; the remaining percentage of retinol at 50 Υ after 2 











0 0.2 0.4 0.6











Fig. 19 Effect of inner oil phase ratio (φi) on encapsulation 
percentage (the ratio of retinol in inner oil phase to the total amount 
of O/W/O emulsion); (䕿) day 0, (䖃) 2 weeks at 50Υ. 
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φi = 0.1 φi = 0.2
ΔC retinol(φi = 0.1) > ΔC retinol (φi = 0.2) 
A B
retinol
Fig. 20 Schematic depiction of retinol distribution in O/W/O emulsions at 
the same concentration of retinol; (A) φi = 0.1, (B) φi = 0.2. The difference 
of retinol concentrations between the inner and outer oil phase (ΔC retinol) 
induces retinol to migrate from the inner oil phase to the outer oil phase, 

























Fig.21 Effect of antioxidants on retinol stability in O/W/O emulsions; the 
remaining percentage of retinol at 50Υ, (䖃)control, (䕿) 0.05% 
Buthylhydroxytoluene (BHT), (䕕) 0.1 sodium ascorbate 䠄AsANa), (䕻) 




Fig.22 Phase inversion measurement system
Material W/O O/W/O
Inner oil phase Liquid paraffin - 5~10wt%
Higher alcohol - 3
Water phase Glycerine 5 5
Sodium Stearoyl glutamic acid - 1
preservatives 0.1 0.1
Ion exchanged water 100 – content of other materials
Outer oil phase Volatile silicone oil 20 20
Organophilic clay 2 2
PEG-10 Dimethicone 1 1
Table 5 Formulation for inbestigation
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Inner oil  12䠂
Inner oil  0%
Inner oil  5䠂
Inner oil  8䠂














Fig.23 Changes of frictional coefficient during applying, the inner oil phase 




















Fig.24 Changes of frictional coefficient during applying, the average 




Accumulated number of reciprocal 




Fig.25 Microphotograph of the O/W/O observed (a) before drastic 
change for the first time (b) during the friction decreasing (c) after 
the second change
D E
Fig.26 Appearance of  (a) W/O emulsion with 90% water phase 















6-1. ࢫ࣓ࢡࢱ࢖ࢺ㸫PEG 」ྜయࡢὶື≉ᛶ࡜࢚࣮ࢪࣥࢢᣲື  
⢓ᅵࢤࣝࡢ▷ᡤ࡛࠶ࡗࡓ㞳Ỉ࡜⤒᫬࡛ࡢ⢓ᗘኚ໬ࢆᢚไࡍࡿࡓࡵ࡟ࠊศᏊ㔞ࡢ
␗࡞ࡿ PEG ࡜ࡢ」ྜయศᩓᾮ࡟ࡘ࠸࡚◊✲ࡋࡓࠋࡑࡢ⤖ᯝࠊศᏊ㔞 4000 ௨ୖࡢ
㧗ศᏊ PEG ࡣ⢓ᅵ㖔≀⢏Ꮚ࡟྾╔ࡋࠊ⢓ᅵ㖔≀⢏Ꮚࡢ෌㓄ิ࡟క࠺࢚࣮ࢪࣥࢢ
⌧㇟ࢆ㐜ࡽࡏࡓࠋࡉࡽ࡟୰ᛶ௜㏆࡟ㄪᩚࡋࡓࢫ࣓ࢡࢱ࢖ࢺ༢⊂ศᩓᾮ࡛ࡣㄪ〇 1

















3st%࡟ᑐࡋ࣏࣐࣮ࣜࢆ 0.05wt%㓄ྜࡍࡿࡢࡳ࡛ࠊNaCl ࢆ 3wt%㓄ྜࡋ࡚ࡶቑ⢓ຠ
ᯝࢆ᭷ࡋࠊࡲࡓἜศ 50wt%ࢆᏳᐃ࡟ங໬࡛ࡁࡓࠋ  
 










6-4.  O/W/O ᆺ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢㄪ〇࡜ࡑࡢ໬⢝ရ࡬ࡢᛂ⏝  
 ᭷ᶵኚᛶ⢓ᅵ㖔≀ࡢᙧᡂࡍࡿ࢜࢖ࣝࢤࣝ࡟ O/W ࢚࣐ࣝࢩࣙࣥࢆ෌ங໬ࡍࡿ
ࡇ࡜࡛ࠊ⏺㠃άᛶ๣࡛ࡣᐇ⌧ᅔ㞴࡛࠶ࡿᏳᐃ࡞ O/W/O ᆺ࢚࣐ࣝࢩࣙࣥࢆㄪ〇ࡍ
ࡿࡇ࡜ࡀ࡛ࡁࡓࠋࡇࡢ࣐ࣝࢳࣉ࢚࣐ࣝࣝࢩࣙࣥࡢෆἜ┦୰࡟㓄ྜࡋࡓࣅࢱ࣑ࣥ A



















㒆  ⛉Ꮫ໬ᴗᕤ㒊Ꮫᕤ⌮Ꮫ኱⛉⌮ிᮾࠊࡓࡋࡲࡁ㡬ࢆㄽウࡈ࡞┈᭷ኚ኱ࠊࡓࡲ 
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